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The relation between diet and the ori- 
gin and development of cancer has been 
a subject of speculation and scientific in- 
quiry for a long time. Of the environ- 
mental factors affecting the whole or- 
ganism that lend themselves to experi- 
mental investigation, nutrition is one of 
the most important. 

The recent advances in our knowledge 
of the essential dietary requirements of 
laboratory animals has greatly aided ex- 
perimental investigation designed to 
clarify the effects of dietary factors such 
as vitamins, fats, amino acids, and ca- 
lorie restriction on carcinogenesis. The 
varied effects of specific dietary constit- 
uents and regimens on the development 
of several different animal tumors, to- 
gether with a discussion of some of the 
possible effects on endogenous products 
which may be involved, are presented 
in this paper, although no attempt is 
made to review the literature com- 
pletely. 

Since adequate nutrition is so essen- 
tial for the normal growth and mainte- 
nance of the organism, it is only logical 
to expect some relationship to exist be- 
tween quantity as well as quality of food 
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and new growth (neoplasia). It would 
seem obvious that the cytoplasm is ad- 
justed to respond to influences which 
emanate from the genes within, and 
from the hormones, vitamins, and other 
nutritional factors without. To explain 
or attempt to explain the genesis of can- 
cer, one must give consideration to the 
nutritional factors that influence either 
the cytoplasm or the genes or both, al- 
though it must be recognized that nutri- 
tion in itself may not explain the actual 
mechanism. It is, nevertheless, an im- 
portant tool, which should be utilized in 
attempts to solve the problem. 

If it is assumed that the same genes 
are present in all the cells at all stages 
in the history of any given individual 
and that some of the genes become ef- 
fective only when the cytoplasm has 
passed through a certain period of the 
life cycle of the organism, then the nu- 
trition of that cytoplasm prior to the 
development of a neoplasm may help to 
determine the response of that tissue to 
carcinogenic agents, especially if the nu- 
trition is inadequate quantitatively or 
qualitatively. If the nutrition is ade- 
quate or superabundant, it seems less 
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likely to affect either the cytoplasm or 
the nucleus unduly either because the 
organism rapidly breaks down and ex- 
cretes the excess (for example, the wa- 
ter-soluble vitamins) or, as in the case 
of fat, because the organism stores the 
excess mostly in adipose tissues as neu- 
tral fat. Therefore the response to the 
inciting carcinogenic agents may be 
more dependent on the attributes of the 
tissues to which they are applied than 
on the agents themselves. This view 
may be particularly pertinent in the nu- 
tritional approach to the origin of can- 
cer if it can be oR that following the 
administration of a given carcinogen, 
certain dietary regimens acualiy in- 
hibit the development, prevent the oc- 
currence, or lower the incidence of can- 
cer. By modifying some environmental 
factors can one obtain a tumor in a tis- 
sue which is otherwise refractive to a 
given carcinogenic agent? This leads 
to the question: W hat nutritional states 
of the host influence the formation of a 
neoplasm, and can these states serve as 
useful tools in the study of the mecha- 
nism of the origin of cancer or its pre- 
vention? After a cancer has once arisen, 
are there nutritive constituents which 
either singly or in combination have suf- 
ficient selective influence on such new 
growth to be used in the treatment or 
us an adjunct in the treatment of the 
neoplasm ¢ 


HEPATOMA FORMATION 


Several dietary constituents have been 
shown to affect the formation of liver 
tumors in rats after administration of 
a carcinogen like p-dimethylaminoazo- 
benzene. A definite resistance to 
hepatoma formation in well-nourished 
rats and others consuming diets contain- 
ing 18 percent casein after feeding them 
p-dimethylaminoazobenzene was _ re- 
orted by Miner, Miller, Baumann, and 
Rusch (7), while the work of Kinosita 
(2) and others in feeding this and cer- 
tain other azo dyes to rats < demonstrated 
that nutritionally poor diets, such as 
brown rice and carrots, generally favor 
hepatoma formation. Several investi- 
gators obtained evidence suggesting 
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that specific dietary constituents also 
influence the formation of hepatomas. 
In rats fed diets low in protein and ribo- 
flavin, Kensler et al. (3) observed an 
increased number of hepatomas after 
feeding p-dimethylaminoazobenzene. 

Unfortunately, the findings do not 
give the over-all effect of these nutri- 
tional constituents on hepatoma forma- 
tion because the observations (7, 3) did 
not extend beyond 6 months, and there- 
fore the total protective or induction 
period could not be determined. 

The results obtained by White and 
Edwards (4) aptly illustrate this 
point. They found that after 200 days 
of ingesting p-dimethylaminoazoben- 
zene in a cystine-supplemented diet, 96 
percent of a group of rats developed 
primary hepatomas, whereas only 15 
percent of the rats receiving the azo 
dye in the unsupplemented diet devel- 
oped tumors. If the experiment had 
been terminated at this time, a striking 
protective effect of the cystine-deficient 
diet on the production of primary he- 
patic tumors would have been noted. 
The experiments were continued for 190 
additional days. White and Edwards 
were then able to report a tumor inci- 
dence of 61 percent in the animals on 
the cystine unsupplemented diet, from 
which they concluded that the major 
effect of cystine deficiency on hepatoma 
formation was an increase in the latent 
or induction period rather than the pre- 
vention of hepatic tumors. 

One would expect to find that factors 
increasing the induction period have 
essentially the same effect on tumor for- 
mation as does decreased amounts of the 
azo dye, which was shown by Kinosita 
(5) to increase the latent period. In 
most instances where riboflavin was 
studied, some hepatomas were formed 
during this 6-month observation period. 
which indicated that this vitamin did 
not completely prevent tumor forma- 
tion, even for a period of 6 months, but 
probably merely retarded it. The in- 
duction of hepatomas by azo dyes to a 
large extent then appears to be a phar- 
macologic dose-response problem. 
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At least two distinct effects of ribo- 
flavin on hepatoma formation can be 
postulated: (1) Detoxification of the 
dye before its carcinogenic effect can 
be asserted, thus prolonging the induc- 
tion period; and (2) a protective effect 
of the vitamin on the normal liver cell 
(6). If riboflavin acts primarily to de- 
toxify the dye, it may have no direct 
action on the carcinogenic process but 
merely a delaying action. The de- 
‘reased riboflavin concentration in the 
livers of rats fed p-dimethylaminoazo- 
benzene (7), which occurs even before 
hepatoma formation, could be inter- 
preted as supporting a detoxification 
theory; if not actual detoxification, cer- 
tainly an increased need for riboflavin 
while the liver is under the influence of 
the azo dye prior to tumor formation. 
It was not determined, although it 
seems likely, whether, if the azo dye was 
withheld from the diet after a period 
of treatment, this decreased riboflavin 
concentration of the liver returned to 
normal before hepatomas appeared. It 
was shown that when the azo dye was 
withheld after 4 months of feeding, 
hepatomas developed in the ensuing 2 
or more months. What effect the feed- 
ing of riboflavin-supplemented diets 
containing p-dimethylaminoazobenzene 
has if continued beyond 6 months 
has not been reported. It seems, there- 
fore, impossible to distinguish clearly at 
present between the effects of detoxifi- 
cation of the dye by the vitamin and the 
direct effect of ribofiavin on the liver 


tissue. This isa problem worthy of fu- 
ture research. 
Further evidence that the metab- 


olism of this induced hepatoma differs 
from that of the normal liver is the 
lowered activity of the flavin-containing 
enzyme, xanthine dehydrogenase, which 
Greenstein, Jenrette, and White (8) re- 
ported as being about one-half that 
found in the normal liver of rats. The 
concentration of riboflavin of hepatoma 
and normal liver was studied by Robert- 
son and Kahler also (4). They reported 
the concentration of riboflavin in pri- 
mary hepatomas to be one-third to one- 
sixth that found in normal rat liver. 


The feeding of a riboflavin-deficient diet 
reduced the riboflavin concentration of 
the normal liver approximately half, 
yet the livers of the depleted but other- 
wise normal rats still had twice the con- 
centration of riboflavin as that con- 
tained in the hepatoma transplants 
from rats ingesting a riboflavin-rich 
diet. The riboflavin concentration in 
the transplanted hepatomas of depleted 
rats on the other hand was only slightly 
less than it was in nondepleted animals. 

Some as yet unknown dietary con- 
stituents may have a protective effect 
on the depletion of the liver in riboflavin 
but may afford no protection against 
depletion of the liver in other vitamins. 
The simultaneous administration of 
yeast to rats fed p-dimethylaminoazo- 
benzene prevented the depletion of 
their livers in riboflavin and diphos- 
phopyridine nucleotide, but yeast did 
not protect the liver from depletion of 
vitamin A after the injection of dibenz- 
anthracene (70). Abels and his asso- 
clates (JV) studied a number of liver 
functions and concluded that dibenz- 
anthracene is not a general hepatotoxin 
but affects particularly that function of 
the liver concerned with the metabolism 
of vitamin A. Its effect can be obviated 
to some extent by the simultaneous ad- 
ministration of large amounts of vita- 
min A. This observation suggested to 
them the existence of an anchor in the 
liver to which vitamin A normally is 
attached and for which the dibenzan- 
thracene or its metabolites compete. It 
also because of the large 
amount of vitamin A stored in the liver, 
that consideration should be given to 
the previous nutritional history of the 
animal in determining a dose-response 
curve. It would seem further from 
these observations that different car- 
cinogens may selectively inhibit differ- 
ent reactions that occur in the liver cells. 
The noticeable retardation of growth of 
young rats injected with dibenzanthra- 
cene, reported by Haddow, Scott, and 
Scott (//), may be related to the de- 
pleting action of this carcinogen on 
vitamin A in the liver, if the deple- 
tion were sufficiently extensive, as it 


suggests, 





might well be, to affect the growth of 
the rat. 

The presence of nodular cirrhosis in 
the livers of rats fed p-dimethylamino- 
azobenzene has engaged the attention of 
several investigators. Miner and his co- 
workers (72) observed that most diets 
that failed to prevent nodular cirrhosis 
also failed to retard the development of 
liver tumors after feeding the animals 
the azo dye. The presence of this cir- 
rhosis may be only secondary in the 
carcinogenic process, for in the experi- 
ments on the histogenesis of liver can- 
cer induced with azo dyes or with 
carbon tetrachloride, Edwards and Dal- 
ton (/3) showed that the early primary 
injury to the parenchyma cells was ac- 
companied or followed by mitotic activ- 
ity in the viable liver cells. This 
increased cell proliferation persisted 
during the period of administration of 
the toxic agent to the point of actual 
tumor formation. This observation 
seems to be in agreement with the more 
recent conclusions of Opie (14). who 
found a few tumors in rats with no cir- 
rhosis. The incidence of tumors and of 
their precursors, cystic ducts and chol- 
saanelieala (74), increased with the 
severity of cirrhosis. It is significant 
that while tumors of the liver appeared 
more rapidly in the presence of cir- 
rhosis, cirrhosis per se was not essent iz] 
to the production of tumors. 


RIBOFLAVIN AND SPONTANEOUS 
MAMMARY-TUMOR FORMATION 


In the study of nutritional influences 
on carcinogenesis, is it necessary to as- 
sume that a given dietary constituent 
which inhibits the formation of one type 
of tumor should necessarily inhibit other 
types? This question cannot be an- 
swered with certainty, yet some evidence 
indicates that riboflavin does not always 
inhibit tumor formation. 

When the diet of virgin C3H female 
mice was supplemented with seven 
times the maintenance level of ribo- 
flavin throughout the life of the ani- 
mals,’ an increased number of sponta- 


1 Morris, H. P.: Unpublished data. 
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neous breast adenocarcinomas was 
noted. Supplementation with inter- 
mediate amounts of riboflavin resulted 
in an intermediate number of tumors. 
An increased number of spontaneous 
breast tumors in mice on this high- 
riboflavin-supplemented diet was also 
noted by Morris and Robertson (1/5). 
They did not determine whether the in- 
creased number of tumors in the group 
receiving the riboflavin supplement 
was caused by some specific property of 
riboflavin or by stimulation of the 
growth of the already formed but unde- 
tectable tumor tissue present at the time 
the first tumor was observed. If unde- 
tected tumors were present at the start, 
more of these foci might develop to a 
paipable stage during the life of the 
animal, The effect of riboflavin seemed 
to oceur only after tumors began to 
develop. Mice maintained throughout 
their lifetime on the riboflavin-supple- 
mented diet developed no more tumors 
than did the sahaale placed on the sup- 
plemented diet after the appearance of 
the first gross tumor. The tumor-bear- 
ing animals which were fed the inter- 
mediate amounts of riboflavin survived 
longer than did the animals fed the 
larger supplement. 

From the foregoing, it would appear 
that riboflavin may accelerate the de- 
velopment of breast carcinoma in mice 
and partially inhibit or retard liver 
carcinogenesis in rats following the in- 
gestion of azo dye. It is still not clear 
whether this effect is due to the species 
of animal, to the function of the vita- 
min in the tissue concerned, or to the 
effect of riboflavin on the carcinogenic 
agent. 


INDUCED EPITHELIAL TUMORS 


One of the early observations on the 
effect of diet on induced epithelial- 
tumor formation was that of Watson 
and Mellanby (76), who noted that fol- 
lowing the application of tar there was 
a general acceleration in time of appear- 
ance of skin cancer in mice fed diets 
containing a large amount of butterfat. 
They thought that the absorption of the 
tar was facilitated by the general con- 
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dition of the skin, as a result of the fat 
in the diet. More recently, Lavik and 
Baumann (77) and Tannenbaum (78) 
reported the results of extensive experi- 
ments upon the tumor-promoting action 
of fat. Some of these experiments are 
difficult to interpret because of the many 
variables involved. The percentage of 
tumors in the control animals all given 
the same dosage of carcinogen and all 
fed the same basal low-fat diet of natu- 
ral foodstuffs (77) varied in different 
groups from 4 to 33 percent at 5 to 6 
months. Such a wide variation in tumor 
incidence in different control groups on 
the same basal diet at different times 
makes it difficult to evaluate small, but 
probably real differences resulting from 
the substitution of part of the diet by 
fat or fat constituents. 

The dose of carcinogen is of great im- 
portance in such cases. If the dose is 
large enough to produce a 100-percent 
tumor incidence, it may be too high to 
disclose a difference between control and 
experimental groups that might appear 
with a smaller dose. <A diet containing 
a large amount of fat, given to animals 
whose skin was painted with the carcino- 
genic agent, was observed to promote 
tumor production so rapidly that differ- 
ences in dietary treatment were not 
readily apparent. However, when the 
fat content of the diet was reduced to 
10 percent, the rate of tumor production 
was decreased. Despite these large vari- 
ations, there still seem to be definite, at 
least qualitative, tumor-promoting ef- 
fects of dietary fat on the production of 
epithelial tumors induced with methyl- 
cholanthrene or benzpyrene, some in- 
hibition of induced spontaneous sarco- 
mas with benzpyrene in mice, and no 
effect on induced sarcomas or spontane- 
ous breast-carcinoma development in 
rats. 

One of the first suggestions in at- 
tempting to explain the action of fat in 
promoting carcinogenesis involved the 
local solvent action of fat on the carcino- 
gen in the skin. This seemed to be the 


probable explanation of the tumor- 
promoting action of fat when applica- 
tions of oil increased the rate of tumor 
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formation after exposure to ultraviolet 
radiation (79) or to certain carcinogenic 
hydrocarbons such as tar, methylchol- 
anthrene, dibenzanthracene, or benzpy- 
rene. However, if the fat was emulsi- 
fied in the drinking water with gum 
arabic so that the skin was not affected, 
there still seemed to be a definite favor- 
able influence of the fat on tumor for- 
mation although it was less extensive 
than when a similar amount of fat was 
fed. In addition to the local effect on 
the skin there may also be a systemic 
effect of the fat in promoting carcino- 
genesis. 

Experiments in which fat was fed 
during various phases of the precancer- 
ous period (20) indicated that fat is 
effective in promoting carcinogenesis 
of epithelial tumors in mice if fed after 
the application of the carcinogen to the 
skin has ceased. Such observations sug- 
gest a procarcinogenic effect of fat. 

The inhibition of high-fat diets on 
the induction of subcutaneous sarcomas 
in mice, reported by Tannenbaum (27), 
suggested the possibility that the fat 
tended to dissolve the implanted car- 
cinogen, thus decreasing its concentra- 
tion at the point of application. If an 
injected carcinogen is gradually re- 
moved from the site of injection by the 
solvent action of fat, it is reasonable to 
expect an animal with a large excess of 
body fat and on a high-fat diet to re- 
move the carcinogen more rapidly than 
would an animal with a small excess of 
subcutaneous fat and on a low-fat diet. 
Tannenbaum, using a small dose of car- 
cinogen, noted possible inhibition of 
subcutaneous tumor formation, while 
Baumann, Jacobi, and Rusch (22), us- 
ing doses five to eight times larger, 
found no difference in tumor formation 
attributable to dietary fat. The dosage 
used by the last-named investigators 
may have been so high that the solvent 
action of the fat was insufficient to pro- 
duce any inhibition, whereas some ac- 
tual inhibition was obtained by Tannen- 
baum. In support of such a concept are 
Tannenbaum’s observations that lard 
cysts disappeared more rapidly in the 
animals of the high-fat group and also 
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those of Peacock and Beck (23). who 
reported fewer tumors in mice when the 
carcinogen was retained at the site of 
injection for a shorter period. 


CALORIC RESTRICTION AND INDUCED 
CARCINOGENESIS 


That diets restricted in calories have 
an influence on epithelial tumors in- 
duced with carcinogenic hydrocarbons 
aside from the effect of fat was reported 
by Lavik and Baumann (/7) and by 
Tannenbaum (2/7). The first two au- 
thors reported that mice fed a low-fat 
diet restricted one-third in total calories 
had no tumors at 6 months. Increasing 
the fat to 12 percent of this diet in- 
creased the tumor incidence at 6 months 
to 28 percent; feeding the low-fat diet 
without calorie restriction resulted in 
56-percent incidence at 6 months, while 
the tumor incidence in the unrestricted, 
high-fat (12 percent) group was still 
higher (66 percent). To all four groups 
the same amount of proteins, vitamins, 
and minerals was fed. It seems that 
the full-fed, low-fat group may have 
synthesized a large amount of fat from 
the high carbohydrate intake and in- 
creased the fat of the depots, while the 
animals on the calorie-restricted diets 
were unable to do so. In fact, the re- 
stricted animals could have used protein 
for energy, leaving diminished amounts 
of protein available for normal meta- 
bolic purposes, A definite depletion of 
the fat depots was observed in the re- 
stricted-diet groups. The authors pub- 
lished no data on the weight of the ani- 
mals or on nitrogen-balance experi- 
ments; but from the earlier researches 
of Tannenbaum (24), it was found that 
the restriction of the amount of the 
whole diet by one-third caused approxi- 
mately a one-third loss in body weight. 
The significance of this loss on the 
endocrine system is discussed more 
fully later. 

Tannenbaum (25) found that the in- 
cidence of induced epithelial tumors and 
induced sarcomas of the mouse was 
definitely inhibited by a calorie- 
restricted diet. Not only were there 
fewer tumors but also the tumors in 


the restricted-diet groups appeared at a 
later date. There was also observed 
an increase in longevity of the mice in 
the restricted-diet groups, an observa- 
tion in agreement with that found for 
the rat by McCay and others (26, 27). 
Tannenbaum’s further research (28) on 
the mechanism of the genesis of epithe- 
lial tumors of mice as effectuated by 
calorie restriction yielded results that 
indicated little or no influence of such 
a regimen in preventing the beginning 
of the process during the period of 
painting but some inhibiting influence 
on the development of epithelial tumors 
after the application of the carcinogen 
had ceased. 

It is noteworthy that Tannenbaum re- 
orted that the liver, kidneys, spleen, 
so lungs, and other organs of the 
mice on restricted diets showed far 
fewer pathologic changes than did the 
organs of animals in the full-fed group. 
Does the presence of fewer pathologic 
lesions in essential organs indicate a 
preservation of intact normal cells? 
Has there been retardation of cell divi- 
sion and absence of the processes char- 
acteristic of aging? Does the dietary 
restriction retard the aging of the cell 
cytoplasm? It is impossible to answer 
these questions without more informa- 
tion than is now available. On the 
other hand, almost nothing is known of 
the biochemistry of the aging process. 
The calorie restriction of the diet defi- 
nitely extends the life span of some spe- 
cies of experimental animals and appar- 
ently reduces the number of tumors, as 
shown by McCay and his associates (26, 
27) for rats and by Tannenbaum (25) 
for several strains of mice. Since the 
time of appearance of a variety of 
tumors is retarded or even completely in- 
hibited by partial calorie restriction, it 
would seem that there may well be some 
fundamental connection between dietary 
restriction, the process of aging, and the 
origin of cancer. Systematic attack on 
such a problem would require the close 
cooperation of many specialists but 
should yield important knowledge of 
the genesis of cancer. 
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ALTERATION OF CARCINOGENIC ACTION 


Some but not all dietary deficiencies 
appear to alter tissue susceptibility to 
the induction of tumors. Russell (29) 
recently reported a definite shortening 
of the average induction time of ner- 
vous-tissue tumors induced with methyl- 
cholanthrene in rats fed a diet deficient 
in both thiamine and riboflavin. The in- 
duction period of connective-tissue 
tumors on the other hand was unaffected 
by the deficiency. It was not ascertained 
whether a deficiency of one or both of 
these vitamins was involved. Obvi- 
ously, the next step is to determine 
which of these vitamin deficiencies is 
responsible for the effect and to attempt 
to discover the biochemical processes in- 
volved in causing the vitamin-deficient 
nervous tissue to be more susceptible to 
the action of the carcinogen. 

That specific biochemical reactions 
may be involved in altered tissue sus- 
ceptibility is suggested by the observa- 
tions of Bielschowsky (30). He re- 
ported that glycocyamine added to the 
(liet of rats receiving at the same time 
2-acetylaminofluorene accelerated the 
appearance of breast tumors and in- 
creased the number of liver tumors in 
female rats. Is this effect due to the 
action of glycocyamine on the carcino- 
gen or to the action on the specific tissues 
affected? Bielschowsky’s results raise 
the question whether or not the process 
of conversion of glycocyamine to crea- 
tine by methylation enhances the car- 
cinogenic action of 2-acetylaminofluo- 
rene, 

The noncarcinogenic compound, allyl- 
thiourea, active in producing thyroid 
hyperplasia in the rat, rendered the thy- 
roid susceptible to the induction of thy- 
roid tumors by ingested 2-acet ylamino- 
fluorene (37). Thyroid tumors were not 
produced by the administration of either 
compound alone. What altered physio- 
logic processes in the thyroid tissue make 
it more susceptible to the action of the 
carcinogen is not clear. Increased vas- 
cularity incident to the hypertrophy of 
the gland, allowing more of the agent to 
come in contact with thyroid tissue, in- 
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creased mitotic activity of the thyroid 
cells, the inability of the thyroid to con- 
vert iodine into thyroxine are some of 
the possibilities that readily come to 
mind. Does the simultaneous adminis- 
tration of the goitrogenic agent, which 
causes a disordered thyroid metabolism, 
plus the carcinogen produce or liberate 
an indigenous virus which then acts di- 
rectly on the already disordered thyroid 
cells to produce the tumor? Questions 
such as this pose important problems for 
future research in carcinogenesis. 

Just as certain regimens increase the 
susceptibility of tissues to the action of 
a carcinogenic agent, others appear to 
decrease their response. Notable among 
the latter are the inhibitory effects of cal- 
orie-restricted diets in reducing the inci- 
dence of epithelial tumors induced in 
mice with benzpyrene, as recently re- 
ported by Tannenbaum (28). He was 
able to demonstrate the ineffectiveness 
of caloric restriction during the 10-week 
period of carcinogen administration and 
showed that most of the inhibitory ef- 
fects occur after the cessation of paint- 
ing vet before the development of rec- 
ognizable tumors. This fact may simply 
indicate a delay in cell processes during 
the effective restrictive period thus in- 
hibiting or retarding the alteration of 
the normal cells. Tannenbaum did not 
report results of microscopic studies of 
tissues of calorie-restricted animals 
which did not show development of gross 
tumors. It would be valuable to make 
such a study to see whether any recog- 
nizable morphologic alterations take 
place in the treated tissues of the low- 
calorie animals. What would be more 
valuable, perhaps, would be the develop- 
ment of techniques for detecting and 
evaluating functional changes in the 
cells before and after their alteration to 
cancer cells. 


EFFECT OF FAT ON SPONTANEOUS 
BREAST CARCINOMA IN MICE 


Tannenbaum (27) found that the in- 
cidence of spontaneous breast carcino- 
mas in strain dba female mice was defi- 
nitely increased when the diet contained 


considerable amounts of fat. The ani- 
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mals on the high-fat diet were heavier 
in general and had a greater proportion 
and greater amount of fat in the subcu- 
taneous, genital, perirenal, and mesen- 
teric fat depots. Animals in the high- 
fat-diet group started on the diets when 
10 months of age showed very little 
higher incidence of spontaneous breast 
tumors than did the controls during the 
first 10 months. After that time, there 
was an increase of tumors in animals on 
the fat diet as compared with the con- 
trols. If the fat diet was fed to the 
animals beginning when they were 5 
months old, the effect of the fat was 
much more striking. Not only were 
there more tumors but also the average 
time of appearance of the tumors was 
decreased. 

It would appear that the effect of fat 
in spontaneous-breast-tumor formation 
extends over a long period and that 
the dietary regimen must be instituted 
at an early age for the maximum influ- 
ence of the fat to be manifest. Some 


support of the role played by fat in 
spontaneous Mammary carcinomas in 
mice is found in the microscopic study 


of the mammary glands of underweight 
mice made by Loeb and his co-workers 
(32). They observed changes in the fat 
tissue of the gland, which were followed 
by the destruction of ducts and acini 
and resulted in diminished chances for 
development of mammary carcinoma, 
The enhanced effect of fat on mam- 
mary carcinoma in mice may also have 
a connection with an increased lipolytic 
activity of the mammary tissue. In 
support of this idea, it was reported that 
bovine mammary glands show a definite 
amount of lipolytic activity which Kelly 
(33) attributed to the secretory tissue 
itself. This activity was present only 
in glands that had undergone the de- 
velopment of pregnancy. He secured 
some evidence indicating that lipase 
can synthesize fats as well as break them 
down. The mammary-gland tissue is 
deeply embedded in fat, and in animals 
on diets high in fat could this fat serve 
as a solvent for the fat-soluble hor- 
mones? If there is an increased amount 
of fat surrounding the mammary tissue 


of mice fed high-fat diets, would it be 
possible for this fat to function as a 
vehicle for enhancing hormone action 
on mammary tissue? On the other 
hand, if less fat is found surrounding 
the mammary gland in mice restricted 
in calories, could some of the inhibitory 
effect of restricted diets on the formation 
of spontaneous mammary adenocarci- 
noma be ascribed to decreased reten- 
tion or intimate contact of the fat-solu- 
ble estrogenic hormones with the mam- 
mary gland, or to the subsequent de- 
creased amount of these hormones avail- 
able to cause the development of the 
mammary-gland lobule-alveolar system 
toatumor stage? Or could the fat serve 
to retard the destruction and elimina- 
tion of estrogens in the body and thus 
enhance the effect of estrogenic hor- 
mones on the mammary tissue? 


SPONTANEOUS-LUNG-TUMOR FORMA- 
TION AFFECTED BY DIET 


Larsen and Heston (34) have recently 
completed experiments on the effect of 
certain low protein-low cystine diets on 
the incidence of spontaneous lung 
tumors in male and female strain A 
mice. The study of dietary factors af- 
fecting the genesis of an internal tumor 
usually necessitates the killing of the 
animal after a certain designated ex- 
perimental period on the regimen be- 
cause of inability to detect internal 
tumors in any other way. They killed 
their mice when the animals were 14 
and 17 months old. They concluded 
from the absence of a significant differ- 
ence in the spontaneous-lung-tumor in- 
cidence in groups of mice averaging 15 
months of age and fed the same amount 
of food with and without the addition 
of cystine, that the amino acid, cystine, 
per se was not an important factor in 
the genesis of this tumor in strain A 
mice. The observation that more lung 
tumors developed in the control ani- 
mals on the average than in any of the 
groups fed the experimental low- 
protein and calorie-restricted diets sug- 
gests that in their experiments protein 
or calories or both were of some influ- 
ence in the development of spontaneous 
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lung tumors. The failure of either cal- 
orie restriction, or absence or presence 
of cystine to more than partially inhibit 
the origin of lung tumors is in sharp 
contrast with the complete prevention 
of mammary tumors, observed by White 
and Andervont (25) in animals on the 
cystine-deficient diet of the same com- 
position, while cystine supplementation 
of this diet permitted spontaneous- 
mammary-tumor formation in nearly 
all the animals. The probable inhibi- 
tion of estrogenic and perhaps other 
hormones in the strain A mice by cystine 
or caloric restriction apparently plays 
a minor role in the origin of lung 
tumors. 

The stock diet used by Larsen and 
Heston contained approximately 4 per- 
cent fat and about 21 percent protein, 
while all the experimental diets con- 
tained 25 percent fat and 7 percent 
protein. These two items of difference 
in composition between the stock and ex- 
perimental diets stand out more prom- 
inently as affording possible explana- 
tions for the higher incidence of spon- 
taneous lung tumors obtained in ani- 


mals on the low-fat, high-protein stock 


diet (34). On the other hand, Tannen- 
baum '21) found no difference in the 
spontaneous-lung-tumor ine we ge in 
JAX-Swiss and JAX-ABC mice 12 to 
14 months of age, which had been fed a 
diet containing 28 percent fat or one 
containing only 3 percent fat, i. e., fat 
contents comparable with those in the 
former diets. A serious disadvantage in 
the use of commercial stock diets lies 
in one’s being unable to duplicate them 
in later experiments because of their 
unknown composition and the probabil- 
ity that their composition may be 
changed from time to time by the manu- 
facturers. 
MAMMARY CANCER IN THE 
INFLUENCED BY OTHER 
REGIMENS 


MOUSE AS 
DIETARY 


Extensive growth of the _ lobule- 
alveolar system of the mammary gland 
seems to be an essential preparatory 
stage to the formation of mammary 
adenocarcinoma in the mouse, and any 


654380-—45 2 


dietary regimen unfavorable to such de- 
velopment would seem to offer promise 
as an experimental procedure for de- 
laying, partially inhibiting, or prevent- 
ing mammary cancer in mice. That 
chronic underfeeding definitely reduces 
the incidence of spontaneous breast 
tumors in female dba —_ was re- 
ported by Tannenbaum (24), and ca- 
loric restriction in strain C 3H mice was 
reported by Visscher and associates 
(36) and also by White and her co- 
workers (37). 

Table 1 summarizes the results of 
several studies by these authors (24, 24, 
36-40), in which dietary measures were 
used to affect the incidence of spon- 
taneous mammary adenocarcinomas in 
female mice of two highly susceptible 
inbred strains. It is obvious from the 
table that a variety of nutritional regi- 
mens may delay or partially or com- 
pletely inhibit the development of 
spontaneous Mammary cancer in mice. 
The severity of the nutritional restric- 
tion, the age, and the amount of breed- 
ing which had occurred in the animals 
when the regimens were started are also 
important factors that affect the inci- 
dence of mammary tumors. 

The table shows that in the strain dba 
mice started at 2.5, 5.5, and 9.0 months 
of age, the tumor incidence of the re- 
stricted animals was directly propor- 
tional to the age of the animals at the 
time the regimen was started. The 
most effective regimens in decreasing 
mammary cancer were those begun 
when the mice were at an early age and 
continued until their death, although 
mice that were severely restricted in 
calories after raising one or two litters 
also showed a definite decrease in tumor 
incidence. 

One of the primary effects of the var- 
ious regimens (table 1) aside from that 
on tumor incidence was on body weight. 
Weanling mice placed on calorie-re- 
stricted diets failed to gain in weight. 
Adult animals lost from 10 to 45 per- 
cent, usually during the first few weeks 
of the experiment, after which they 
were able to maintain their weight at 
the lower level. On cystine-deficient 
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diets young mice were unable to gain in 
weight, whereas in the lysine-deficient 
group there was a_ slow increase 
amounting to approximately 20 per- 
cent of the initial weight of the ani- 
mals. The diet used was not entirely 
free of lysine so it seems probable that 
the slow gain in weight was due to the 
residual lysine content of the diet. 

The effect on estrus and mammary- 
gland development (table 1) was 
equally striking in those experiments 
in which estrus cycles and mammary 
glands were examined. Estrus was ab- 
sent in the weanling mice that failed 
to increase in body weight and occurred 
irregularly in the lysine-deficient group 
in which there was some gain in weight. 
In the calorie-restricted and deficient 
weanling animals in which estrus was 
absent or took place occasionally, there 
was also complete or partial inhibition 
of mammary-gland development. In 
the parous animals, estrus was probably 
absent and the mammary glands were 
atrophied. 

It should be kept in mind that all mice 
fed the restricted diets possessed (1) a 
susceptibility to mammary-tumor for- 
mation inherent in the genetic consti- 
tution of the animal, (2) the so-called 
milk influence which is normally trans- 
mitted to the offspring through the 
mother’s milk, and (3) the hormonal 
influence, which is known to be essen- 
tial for mammary-cancer formation in 
this species. The hormonal influence 
would seem to be the logical one to in- 
vestigate in determining the reason why 
restricted diets inhibit breast cancer in 
mice. The substances stimulating the 
development of the mammary tissue and 
of estrus would seem to be the most im. 
sag factors that might be influenced 
ry diet. 

The loss in weight of the C3H mice 
(table 1 (37)) with the concomitant 
inhibition of estrus suggests that estro- 
genic hormone production was one fac- 
tor that may have been affected. The 
administration of diethylstilbestrol to 
a group of cystine-deficient mice (table 
1 (39, 40) induced continuous estrus and 
stimulated the development of the mam- 


ctive in decreasing incidence of spontaneous mammary cancer, and other observed effects such regimens 
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mary glands. Mammary-tumor inci- 
dence was increased from 0 to 45 per- 
cent with this treatment, yet this inci- 
dence was only approximately half that 
found in the normal animals serving as 
controls. That the mammary glands 
were still able to respond to estrogen 
was indicated by the fact that extensive 
development was noted in the lobule- 
alveolar system after stilbestrol treat- 
ment of the cystine-deficient mice 

The results obtained by Trentin and 
Turner (47) indicate that the mam- 
mary-duct system is much less sensitive 
to estrogen during partial inanition. 
They found that the estrogen require- 
ment for mammary-gland growth was 
increased 16 times in male albino mice 
when the food intake was decreased 50 
percent, the approximate extent of re- 
striction used in the experiments in 
table 1. The contradictory reports of 
penne workers (Astwood and others 
(42)) that no mammary growth could 
be obtained in diet-restricted rats after 
estrogen injection probably were due 
to administration of an amount of 
estrogen insufficient, under the adverse 


dietary conditions employed, to elicit a 


response, as measured by mammary- 
gland lobule-alveolar growth. 

Of 630 ovariectomized virgin female 
mice weighing less than 17 gm., 22.9 
percent responded with mammary 
growth, to pituitary injections. The 
poor correlation between percentage of 
positive responses and amount of pitui- 
tary preparation injected indicated that 
some other factor was needed. Since 
these results were obtained with mice in 
which the normal endogenous supply 
of estrogen was very low or entirely 
lacking, Mixner and Turner (43) 
thought that endogenous estrogen might 
play some secondary role in mammary 
growth (other than stimulating a pitui- 
tary-duct-growth factor). These in- 
vestigators had previously suggested 
(44, 45) that estrogen enhances the ac- 
tivity of pituitary extracts in promoting 
mammary growth by its action on the 
vascular system of the stromal tissue 
surrounding the mammary gland, 
through hyperemia and increased per- 


meability. By the use of a small 
amount of estrone in conjunction with 
pituitary mammogenic preparations, 
they (43) were able to reduce greatly the 
amount of pituitary preparation re- 
quired to produce a positive response. 
Graded mammary responses correspond- 
ing to graded pituitary dosages were 
obtained when this small amount of es- 
trone was used. Estrone alone injected 
into the ovariectomized mice in doses 
five times as large as those used in con- 
junction with pituitary preparations 
produced no signs of lobule growth. 
Approximately six times as much pro- 
gesterone alone was required to secure 
a unit response of mammary growth as 
was required when estrone was injected 
with the progesterone. It would ap- 
pear that progesterone (the indirect 
stimulator of alveolar growth) needs 
estrogen to the same extent as does the 
pituitary factor. Mixner and Turner 
were of the opinion that this effect of 
estrogen could be explained on the basis 
of its direct action on the stromal tissue 
surrounding the mammary gland, pro- 
ducing an increased hyperemia and vas- 
cularity associated with an increased 
permeability of the vascular system. 
This action was believed to increase the 
amount of pituitary mammogen in the 
intercellular spaces in the region of the 
mammary gland and also the amount 
of nutrients available to the growing 
gland. 

Gardner (46) observed that relatively 
large doses of estrogen inhibited mam- 
mary-gland growth in male mice. Mix- 
ner and Turner found that very large 
amounts of estrone inhibited proges- 
terone completely but not pituitary ex- 
tract. These results suggest that the 
inhibitory action of estrone on proges- 
terone Was mediated through the pitui- 
tary, but high estrone plus pituitary 
does not inhibit the capacity of the 
mammary glands as end organs to re- 
spond. 

According to Mulinos and his asso- 
ciates (47), rats in a chronic state of 
partial underfeeding cease to have estrus 
when the weight decreases only 15 per- 
cents. Rats with decreased weights 
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amounting to as much as 40 percent 
may be brought into full estrus by the 
subcutaneous injection of estrogen. The 
fact that vaginal epithelium still re- 
sponds to exogenous estrogen suggests 
the presence of decreased amounts of 
endogenous estrogen. Normal resump- 
tion of estrus, however, also occurs fol- 
lowing refeeding, as soon as the weight 
loss is regained, The presence of intro- 
duced estrogen in the body thus pre- 
vents the appearance of this “inanition 
anestrus.” The daily injection of gon- 
adotrophic* hormone to fasting, an- 
estrus rats after 8 days of complete 
starvation brought about full estrus in 
not over 72 hours after the first injection. 
The ovaries were still able to respond 
under these adverse conditions. 

The effect of thiamine deficiency on 
the ovary is indistinguishable from the 
effect of partial chronic inanition. as 
shown by Drill and Burrill (48). They 
reported that in the shnee e of thia- 
mine, in an otherwise adequate diet, a 
progressive decrease in food intake of 
the rat resulted in loss of weight and 
was accompanied by cessation of estrus 
If the food intake was reduced 


cycles. 
in a thiamine-containing diet to corre- 
spond to that of the thiamine-deficient 
animals, the same loss in weight and 


cessation of estrus cycles resulted. Fur- 
thermore, the continued diestrus of 
thiamine deficiency apparently is not 
caused by ovarian failure or by the loss 
in sensitivity of the vaginal epithelium 
since Drill and Burrill found that the 
injection of a gonad-stimulating sub- 
stance from the pituitary in these anes- 
trus animals restored estrus. The ab- 
sence of estrus cycles must therefore be 
caused by a failure of the pituitary to 
produce sufficient gonadotrophic sub- 
stance to stimulate the production of 
estrogen by the ovary 

Biskind and Biskind (49) concluded 
that the liver of the rat is the site of 
inactivation of estrone. Vitamin-B- 
complex-deficient diets permitted vag- 


*For use of “trophic” instead of “tropic” in 
such words as gonadotrophic, see Corner, G. W.: 
Tropie versus —trophic in terminology of pituitary 
hormones. Endocrinology, 33: 405-408 (1943). 


inal estrus in castrated female rats; a 
partial inability of the liver to inacti- 
vate or eliminate estrone during the B- 
complex deficiency is thus indicated. 
Segaloff and Segaloff (50) verified this 
observation and noted further that of 
the B-complex vitamins studied ribo- 
flavin and thiamine were the only ones 
that restored to the liver its ability to 
inactivate estrone and_ a-estradiol. 
They reported, however, that this effect 
of thiamine on the liver was independ- 
ent of the effect of inanition. Trentin 
and Turner (4/7) found that the amount 
of estradiol benzoate required to pro- 
duce minimum duct-growth response of 
the mammary glands of male albino 
mice is considerably and proportion- 
ately increased as the food-intake level 
is dec ‘reased. This observation led 
them to suggest that during partial in- 
anition the physiologically depressed 
pituitary responds to estrogen with a 
much smaller output of the mammo- 
genic factor. 

The term “pseudo-hypophysectomy” 
was applied to chronically underfed 
rats by Mulinos and Pomerantz (57) 
because the effects of prolonged, 
chronic, partial inanition resemble 
those of hypophysectomy, especially 
upon the endocrine organs. If the re- 
sults of underfeeding or chronic partial 
inanition in rats, reported by Mulinos 
and Pomerantz and by Drill and Bur- 
rill, can be used as a criterion for eval- 
uating the effects of underfeeding in 
mice, we might expect to find a direct 
effect, indicated by a loss in weight of 
some organ of the underfed animals 
that would be proportional to the loss 
of body weight, for example, such an or- 
gan as the kidney. As a secondary ef- 
fect, this partial inanition might be ex- 
pected to affect organs dependent for 
their full activity on hormones elab- 
orated elsewhere. For instance, the pi- 
tuitary gland might react to partial 
inanition by direct loss in weight sim- 
ilar to that of the kidney, and follow- 
ing the loss in weight there might be 
a decres ase in the quantity and perhaps 
in the quality of its secretions. It could 
be expected that a diminution of the 
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concentration of the gonadotrophic 
principles might then result, to the end 
that a primarily malnourished ovary 
would receive less trophic stimulation, 
causing a still further depletion of its 
secretions in addition to that resulting 
from loss in weight because of partial 
inanition. The ovarian response to in- 
anition may, therefore, be a loss in 
weight greater in proportion than could 
be accounted for by the loss in body 
weight. Mulinos and Pomerantz actu- 
ally demonstrated this phenomenon in 
rats. Some of the other organs which 
might be affected in this manner by the 
primary effect of chronic partial inani- 
tion on the pituitary gland are the thy- 
roid, testes, adrenals, and perhaps the 
spleen and pancreas 

Three effects of chronic partial in- 
anition upon the ovaries which indi- 
rectly affect accessory sex organs, es- 
pecially the mammary glands, may 
therefore be postulated: (1) A direct 
malnutrition resulting from underfeed- 
ing of the animals and affecting uk 
entire organism, including a decrease in 
the size of the ovary and mammary 
glands; (2) inhibition of mammary- 
gland development by the decreased 
secretion of estrogen from the poorly 
nourished ovaries; and (3) an unfavor- 
able influence on the growth of mam- 
mary tissue by a decrease in ovarian se- 
cretion brought about by the decreased 
secretion of the gonadotrophic hor- 
mones of the pituitary gland. 

Dietary regimens that inhibit growth 
during the normal life span of the ani- 
mal or cause appreciable loss in body 
weight of adult mice, if maintained for 
long periods, would be expected to de- 
crease mammary-adenocarcinoma ine: 
dence in the mouse because of their in- 
direct effect in inhibiting endocrine se- 
cretions. The gonadotrophic secretions 
of the pituitary and the ovarian secre- 
tions are the ones most likely to be 
affected. , 

High environmental temperature re- 
duces food intake, and it is not clear 
whether a temperature of 35° C., as ob- 
served by Mixner and Turner (43, 44, 
42), which decreased the ability of the 


anterior pituitary to secrete the mam- 
mogenic lobule-alveolar growth factor 
in response to the stimulation of proges- 
terone and estrone in ovariectomized 
mice, may not also have involved the 
adverse effects of a lowered food in- 
take. Anterior pituitary extracts ex- 
ogenously administered, however, 
elicited lobule-alveolar growth under 
such conditions, which indicated ability 
of the end organs to respond. The in- 
creased incidence of spontaneous mam- 
mary tumors in mice kept at low tem- 
peratures in contrast with those kept 
at high temperature, as reported by 
Wallace, Wallace, and Mills (53), could 
therefore be related either to a tempera- 
ture effect or to the indirect inhibitory 
effect of depressed food intake and loss 
in body weight on the pituitary and 
other endocrine secretions. Unfortu- 
nately these authors (43) reported no 
studies on the effect of environmental 
temperatures upon development of the 
mammary-gland lobule-alveolar system 
or upon estrus. Any further studies on 
effect of environmental temperature on 
spontaneous mammary carcinogenesis 
should include observations on estrus 
and lobule-alveolar growth of the 
mammary gland. 

It has been shown from experimental 
evidence that mammary-tumor forma- 
tion can be greatly hindered, if not al- 
most completely prevented, by certain 
dietary restrictions which may be of a 
nonspecific nature but which probably 
result through inhibition of one or more 
endocrine secretions. Even the pres- 
ence of the hereditary factors plus the 
milk influence is insufficient to induce 
spontaneous mammary cancer in the 
mouse if the diet is sufficiently restricted 
at an early age. 

To what extent does our present 
knowledge of the action of the hor- 
mones suggest metabolic connections 
with mammary carcinogenesis in the 
mouse? We know that a number of the 
hormones are involved in metabolic 
processes. Cessation of growth after 
hypophysectomy was demonstrated by 
Aschner (54) in 1912 and has been veri- 
fied by many subsequent investigators. 
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Lee and Schaffer (55) in 1934 reported 
that growth produced by pituitary ex- 
tract was associated with an increased 
storage of nitrogen and a decreased 
storage of fat, even though the food in- 
take was maintained at the level of nor- 
mal, untreated controls. Samuels, 
Reinecke, and Baumann (56) found by 
increasing food intake through forced 
feeding of hypophysectomized rats that 
the animals were able to utilize more 
food than they would voluntarily eat, 
and the balance between different meta- 
bolic processes was altered. The rate 
of gain in body weight was 20 percent 
that of the controls; growth of skeleton 
and musculature appeared to continue 
slowly. The fat depots showed a large 
increase in weight. The hypophysecto- 
mized rats deaminated much more pro- 
tein, used less protein anabolically, and 
stored more fat than did litter-mate 
controls. However, Samuels, Reinecke, 
and Baumann observed no lessened ca- 
pacity for absorbing food. This accel- 
eration of the deaminative process could 
reduce the amount of amino acids avail- 
able for formation of structural protein 
and trophic hormones. If the synthesis 
of protein is catalyzed by pituitary hor- 
mones (e. g., growth hormones), then in 
the absence of the hormone or when the 
amount produced is greatly inhibited, 
amino acids in the blood may not be re- 
moved for purposes of synthesis to the 
usual extent, and consequently their use 
for energy or fat formation might be 
increased. It is also possible that in 
the absence of the pituitary hormones, 
there may be interference with the uti- 
lization of stored fat. Protein would 
then probably be used instead for en- 
ergy purposes. 

There may also be opposing metabolic 
effects of the pituitary growth hormone 
and the pituitary adrenocorticotrophic 
hormone, as reported by Simpson, Li, 
and Evans (57). It is well-known that 
thyroidectomy reduces the rate of oxi- 
dative processes in the cells but does not 
suppress them completely. Similarly, 
hypophysectomy while greatly retard- 
ing synthesis does not entirely prevent 
growth since regeneration of the liver 


has been observed (Franseen, Brues, 
and Richards (58) ) although it is some- 
what retarded. The exact manner in 
which a hormone alters cellular metab- 
olism is still unknown (Long (49)). 

Just as vitamins have been shown to 
be essential parts of enzyme systems 
concerned with particular chemical 
transformations, so ultimately a similar 
part may be found for hormones. That 
phase very likely will remain obscure 
until the chemical structure of many of 
the pituitary hormones is determined. 
It might be suggested that the constant 
breakdown of proteins and their resyn- 
thesis, which are going on continuously, 
as Schoenheimer and his co-workers 
(60) demonstrated, even in adult ani- 
mals, may be intimately related to the 
action of some of the hormones of the 
anterior pituitary. 


GROWTH OF TUMORS 


Dietary constituents or regimens 
which influence the origin of tumors 
may be quite different from those which 
affect the course of an established tumor. 
The role of nutrition in the origin and 
development of cancer may not, there- 
fore, involve the same factors that af- 
fect the growth of established tumors. 
The latter subject is not discussed at 
this time because it was covered ade- 
quately in a recent publication on mam- 
mary tumors in mice (67). As pointed 
out in that publication, of the various 
experimental animal tumors available, 
the spontaneous mammary tumor in the 
mouse has been found to be exception- 
ally well adapted to a study of dietary 
constituents affecting the growth of tu- 
mors. It is thought, therefore, that lit- 
tle additional information on the effect 
of nutrition on the growth of established 
tumors can be presented at this time. 


CONCLUSIONS 


Some of the more specific effects of 
nutrition on carcinogenesis are the fol- 
lowing: Riboflavin retards the early ap- 
pearance of hepatic tumors following 
the feeding of p-dimethylaminoazoben- 
zene but appears to increase the num- 
ber of spontaneous breast tumors in 
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mice. The primary effect of a cystine- 
deficient diet is to delay the appearance 
of hepatomas induced with p-dimethyl- 
aminoazobenzene, but it plays only a 
minor role in spontaneous-lung-tumor 
formation. Dietary fat increases spon- 
taneous breast and epithelial tumors 
but inhibits induced sarcomas in 
mice. Restriction of the diet sufficient 
to produce chronic partial inanition 
causes loss of weight in the adult and 
failure to grow in the young animal, 
fewer induced sarcomas and epithelial 
tumors and less spontaneous breast can- 
cer in mice, and if continued for long 
periods and beginning at an early age. 
may completely inhibit mammary car- 
cinogenesis in this species. It also pro- 
longs the life of the experimental ani- 
mal and modifies the endocrine secre- 
tions. 

A study of nutritional regimens and 
particularly of those that affect mam- 
mary carcinogenesis in mice emphasizes 
the close similarity between the neo- 
plastic process and the normal growth 
processes of the body. Many of the 


hormonal factors involved in the in- 
duction of mammary tumors in mice 
are also concerned with the normal 
growth and physiology of the mammary 
glands; and when the mammary glands 
fail to develop, there can be no mam- 
mary tumors. The nutrition of the 
host. therefore, is one important envi- 
ronmental factor which cannot be neg- 
lected in any study of experimental 
mammary carcinogenesis. 

The effects of nutritional factors in- 
volved in the origin of experimental 
cancer are so variable that it seems im- 
possible at the present time to form any 
general conclusions; but rather each 
specific tumor in several species must 
be studied individually under many dif- 
ferent sets of dietary conditions before 
any broad generalizations can be made. 
Nevertheless, the effects of poor nutri- 
tion, and especially inadequate food in- 
take, on the whole organism are so far- 
reaching that to neglect to take the fac- 
tors of nutrition into account may well 
mean the difference between success and 
failure in many studies of experimental 
carcinogenesis. 
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NOTE ON THE 


OCCURRENCE 


OF HEPATOMAS IN RATS 


FOLLOWING THE INGESTION OF 12-BENZANTHRACENE 


By FLORENCE R. WHITE, associate biochemist, and ALLEN B, ESCHENBRENNER, passed assistant 
surgeon, National Cancer Institute, National Institute of Health, United States Public 


Health Service 


Although many derivatives of 1,2- 
benzanthracene are potent carcinogenic 
agents, the parent hydrocarbon is re- 
ported to be very nearly without car- 
cinogenic activity. Among the nine re- 
ports of its use listed by Hartwell (7), 
only one epithelioma in a mouse follow- 
ing painting was recorded. Although 
not every mode of application was used 
on each species of animal, the adminis- 
tration of this hydrocarbon to rats, mice, 
and rabbits by painting on the skin or 
by subcutaneous injection was reported. 

Andervont and Shimkin (2) found 
that intravenous injection of an aqueous 
dispersion of 1,2-benzanthracene into 
strain A mice did not cause an increased 
incidence of lung tumors. Berenblum 
(3) noted no tumors in mice painted 
with the compound, even when the so- 
called cocarcinogenic action of croton 
resin was added. Shear (4), after care- 
ful testing by subcutaneous injection 
into mice without obtaining tumors, con- 
cluded that 1,2-benzanthracene was of 
negligible carcinogenic potency. 

This paper reports the occurrence of 
hepatomas in rats ingesting 1,2-benzan- 
thracene. 

Six Osborne-and-Mendel-strain rats, 
three males and three females, were 
started on an experimental diet when 
they were from 3 to 6 months of age. 
Previous to that time they had been fed 
Purina laboratory chow. The experi- 
mental diet was, except for the added 
1,2-benzanthracene, similar to that used 
previously in the administration of p- 
dimethylaminoazobenzene and had the 
following percentage composition: 
Crude casein, 6; cornstarch, 44.5; 


1 Casein Corporation of America. 


Crisco, 24; dextrose, 15; inorganic 
salts? +; dried brewers’ yeast,’ 6; and / 
(—)-cystine, 0.5. To each 100 gm. of 
food 60 mg. of 12-benzanthracene was 
added. Once a week 0.5 ce. of cod-liver 
oil was fed separately. 

The rats were serving another pur- 
pose and were killed after 9 to 14 months 
on the 1,2-benzanthracene diet. At ne- 
cropsy two animals, both males, were 
found to have liver tumors. One was 3 
months of age at the start of the exper- 
imental diet and 17 months old when 
killed, while the other was started at 4 
months and killed at 18 months of age. 

Grossly, the surfaces of the livers 
were finely nodular although the con- 
tours of the lobes were preserved. A 
typical appearance of cirrhosis was seen 
microscopically. The normal lobular 
pattern was absent, and in its place were 
small-to-medium-sized nodules of  re- 
generated liver tissue surrounded by in- 
terlacing strands of fibrous tissue. 
There was extensive fatty vacuolization 
of the liver cells comprising these nod- 
ules. This condition was uniform 
throughout the livers. save for an oc- 
casional regenerated nodule that con- 
tained none or else small amounts, as is 
usually seen in cirrhosis associated with 
fatty infiltration. The fibrous tissue 
was composed of collagen interspersed 
with moderate numbers of fibroblasts 
and globules of yellow pigment. Livers 
of animals receiving only the basal diet 
were also available for study and could 
not be distinguished histologically from 
those of animals receiving the basal diet 


2 Modified Osborne-Mendel salt mixture 
> Yeast Products Co., Ine. 


19 





20 JOURNAL OF THE NATIONAL CANCER INSTITUTE 


with added 1.2-benzanthracene, except 
for the occurrence of tumors in some 
animals receiving 1, 2-benzanthracene. 
Three hepatomas were observed in 
each of two animals. Two of these were 
larger than the regenerating nodules 
which we have observed in cirrhotic rat 
livers. They were separated from the 
adjacent liver tissue by bands of fibrous 
tissue, except for small areas where they 
appeared to have broken through these 
restraining bands and bulged out into 
an adjacent nodule of liver tissue (fig. 
1). They were composed of liverlike 
cells the average size of which was dis- 
tinctly greater than that of the liver 
cells (fig. 2). Their cytoplasm was 
more deeply basophilic and was free of 
vacuoles, in contrast with the liver cells. 
The tumor cells had distinct margins 
and were arranged in disorderly cords 
between which were endothelial-lined 
blood sinuses. Mitoses were not very 
numerous, but there were more of them 
than are seen in regenerating nodules of 
cirrhotic livers. The general appear- 
ance of these tumors was similar to that 


of hepatomas that follow the adminis- 
tration of p-dimethylaminoazobenzene 


(5) except that no acinar structures 
were encountered. 

While the possibility that the occur- 
rence of these hepatomas is unrelated-to 
the administration of 1,2-benzanthra- 
cene must be considered, this seems un- 
likely in view of the fact that different 
groups of rats of this strain have been 
used in this laboratory over a period of 
5 years, and no hepatomas have been ob- 
served in any of the rats ingesting the 
basal diet, with or without supplemen- 
tavy cystine. And if by chance two rats 
with spontaneous hepatomas suddenly 
appeared at the same time, one would 
hardly expect such tumors to be mul- 
tiple, solitary tumors being the usual 
finding in a very low incidence range of 
tumors. 

The occurrence of hepatomas in two 
of six rats following the ingestion of 
1.2-benzanthracene suggests that al- 
though the compound may possess neg- 
ligible carcinogenic activity when 
painted on the skin or injected subeu- 
taneously, it may have a considerable 
potency when administered by another 
route. The degree of carcinogenic ac- 
tivity is, of course, not indicated by this 
report. 
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HEPATOMAS IN RATS INGESTING 1,2-BENZANTHRACENE 


Ficurr 1.—Hepatoma that has broken through fibrous band, extending into adjacent liver, 
Hematoxylin and eosin stain. X 90. 


FIGURE 2.— Margin of hepatoma (left) and adjacent liver. Hematoxylin and eosin stain. 
500 
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SSTIMATION OF 2-AMINOFLUORENE AND RELATED 
COMPOUNDS IN BIOLOGIC MATERIAL 


iy Benton B. WESTFALL, research fellow, National Cancer Institute, National Institute of 
Health, United States Public Health Service 


INTRODUCTION 


The importance of N-acetyl-2-amino- 
fluorene, II? as an ingested carcino- 
venic agent for the induction of tumors 
n rodents (4-8) has made a method for 
its quantitative estimation desirable in 
wder to study its fate and behavior in 
he animal body. Perhaps such data 
when obtained might yield information 
‘oncerning the mechanism of tumor for- 
nation with this agent. Few such ex- 
periments, exploratory in nature, have 
been recorded. Studies of this kind 


have been handicapped by the lack of 
methods for estimating this compound 
ir possible derived products. Recently 


he observation along this line reported 
by Wilson, DeEds, and Cox (4) indi- 
‘ated that urine from rats given N- 
icetyl-2-aminofluorene contained a 
substance that colored the pine shav- 
ings of cage litter an orange red. Acid 
hydrolysis of a portion of the urine 
vielded a substance that gave the famil- 
iar pine-splinter test for pyrrole com- 
pounds. Previously, Diels (9) had re- 
ported that 2-aminofluorene, III, gave 
this reaction. The natural inference 
from these observations is that some of 
he administered substance is broken 
lown to the simpler amino compound 
luring passage through the animal 
ody. The latter derivative likewise 
ias been found to have carcinogenic 
roperties (6). 


*The parent hydrocarbon, diphenylenemethane, 
illed fluorene (1), I, was found to be noncarcino- 
enic for mice (2, 3) either when painted on the 
kin or administered subcutaneously. Apparently 
o test has been made of its carcinogenicity when 
he compound is ingested by mice or rats. The 
ompounds are shown in figure 1 and are referred to 
n the text by their accompanying roman numerals. 


This raises the question whether the 
acetyl or the amino derivative is the 
compound on which carcinogenicity de- 
pends or whether both compounds per- 
haps are converted to some other end 
product that is carcinogenic. 

One of the important tools for use 
in any study of the mechanism of car- 
cinogenesis may be furnished by suit- 
able analytical procedures for the sub- 
stance under study or products derived 
therefrom. The experiments recorded in 
this paper were made to provide meth- 
ods that could be used in such investi- 
gations. Methods have been devised for 
2-monoacetylamino-, 2-diacetylamino-, 
V, and 2-aminofluorene in tissues, ex- 
creta, and foodstuffs. Many aromatic 
nitro compounds are known to be re- 
duced to their respective amino deriv- 
atives in vivo (10-13). It seems logi- 
cal to expect 2-nitrofluorene, IV, to 
be similarly reduced. Therefore, a 
method for its estimation has been 
evolved and is included in this study; 
because if reduction occurs in the ani- 
mal body, this compound may also be 
carcinogenic. 

The transformation in vitro of com- 
pounds IT, IV, and V to the amino de- 
rivative can be accomplished by apply- 
ing recognized laboratory techniques; 
hence the methods included for their 
estimation center around the properties 
of 2-aminofluorene, III; the method 
worked out in most detail depends on 
the diazotization in acid solution fol- 
lowed by coupling in strongly alkaline 
solution with sodium 2-naphthol-3.6- 
disulfonate (R salt). The clear, pink- 
orange color developed by the azo 
compound (V1) in the acetone-water so- 
lution is suited to colorimetry. 
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MATERIALS 


The chemicals used throughout were 
of reagent quality. The fluorene de- 
rivatives utilized in the techniques elab- 
orated for their estimation as described 
herein (fig. 1,1, 11, 111, 1V,and V) were 
prepared by Dr. James M. Johnson, of 
this Institute. The preparation of the 
diacetyl compound, not hitherto de- 
scribed, will be reported elsewhere by 
Dr. Johnson. 

An ordinary Duboseq-type visual col- 
orimeter with artificial light was used. 


EXPERIMENTAL PROCEDURE 


Six procedures are outlined: three 
for the amino compound, each suited to 
somewhat different conditions; two for 
the nitro; and one for the acetyl-amino 
derivatives. The last - mentioned 
method is applicable to any derivatives 
for which hydrolysis makes the amino 
group available to diazotization. 


PROCEDURE 1 


Procedure 1 is applicable to the esti- 
mation of 2-aminofluorene in aqueou 
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solution at a concentration greater than 
25 micrograms per milliliter in the ab- 
sence of protein or fat. 

One milliliter of aqueous solution con- 
taining the unknown amine (e. g., 
urine), 0.5 ml. glacial acetic acid, 1.2 ml. 
M hydrochloric acid, and 1 ml. 0.03M 
sodium nitrite are mixed in a 20-ml. test 
tube; the mixture is allowed to stand 1 
minute and is then poured off, with 
good stirring, into 10 ml. 0.015M R salt 
in 5.5M ammonium hydroxide. 

The mixture is transferred to the test 
tube to rinse out residual material and 
back into the mixing vessel once more. 
Five milliliters acetone is then added, 
and the mixing, including rinsing of the 
test tube, repeated. Color development 
is very nearly instantaneous. The com- 
parison with a standard prepared in the 
same way may be made in an ordinary 
colorimeter. The optimum range for 
estimation lies between 30 and 200 mi- 
crograms of 2-aminofluorene in the total 
volume. Any unknown should differ 
from the comparison standard by not 
more than 50 percent. Individual esti- 
mations are reproducible to about +5 
percent. Quantities as small as 6 micro- 
grams can be detected, but the error of 
estimation may be as great as 30 per- 
cent at such low levels. 


PROCEDURE 2 


2-Aminofluorene in tissues or diet 
materials may be estimated with pro- 
cedure 2. The sample is ground m a 
glass mortar until the washed sea sand 
used to aid grinding is no longer gritty 
under the pestle. The material is then 
extracted with 9 volumes of acetone to 1 
of tissue (1 gm.<>1 ml.), filtered after 
20 minutes, the residue washed twice 
with 2 volumes of acetone, and the fil- 
trate evaporated to dryness at not over 
65° C., care being taken that heating is 
not prolonged beyond the stage of sol- 
vent removal.? The residue is taken up 
in a measured minimum of glacial ace- 
tic acid, and a 0.5-ml. aliquot is put 
through the steps outlined in procedure 


22-Aminofluorene is volatile under these condi- 
tions. Time permitting, it is preferable to carry 
out the evaporation at room temperature. 


by substituting the aliquot for the 
glacial acetic acid, and water for the 
amine-containing solution. Extraction 


of the other derivatives considered here- 
in may be made by the same procedure. 


PROCEDURE 3 


Procedure 3 is a confirmatory test for 
2-aminofluorene and is an sdaptetion of 
the Boniger reaction(/4, 15) for pri- 
mary amines. In a 10-ml. test tube are 
mixed 5 ml. aqueous amine solution and 
1 ml. 0.003M_ sodium-1.2-naphthoqui- 
none-4-sulfonate in water and allowed 
to stand 10 minutes at room tempera- 
ture. A port-wine-red color forms. In 
the range 100 to 150 micrograms in the 
total volume, the 1 esulting color i is suited 
to quantitative colorimetric compari- 
son. On longer standing or at higher 
temperature, a precipitate forms. The 
solution of the amine should be near 
neutrality for best results. 


PROCEDURE 4 


2-Nitrofluorene may be reduced to the 
amine and then estimated by one of the 
foregoing procedures. The reduction is 
accomplished by placing in a 30-ml. test 
tube fitted with a standard joint the 
following: 1 ml. of the solution contain- 
ing the nitrofluorene, 8 ml. methyl] alco- 
hol, 1 ml. concentrated hydrochloric 
acid (sp. gr. 1.21), and 0.1 gm. stannous 
chloride. The tube is then placed under 
a reflux condenser in a boiling water 
bath for 1 hour. After reduction is 
complete, the material is evaporated to 
dryness at not over 65° C.; the residue 
is taken up in 1 ml. glacial acetic acid, 
and the procedure already outlined 
under diazotization is followed. Stand- 
ards are best prepared in the same 
fashion using the nitro compound, 
otherwise the results are found to be 
somewhat low, perhaps because of the 
destruction of some intermediate prod- 
uct formed from the —NO, group dur- 
ing reduction. Aliquots of the unknown 
solution must first be tested for the 
amine and put through the hydrolysis 
described in procedure 5, since this 
heating under a reflux hydrolyzes the 
amide linkage; and if 2-acetylamino- 
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fluorene is present, it gives a positive 
test. Unless these precautions are ob- 
served, either the aminofluorene or the 
acetylaminofluorene would be recorded 
as the nitro compound. 


PROCEDURE 5 


Either N-acetyl-2-aminofluorene or 
N.N-diacetyl-2-aminofluorene is esti- 
mated by the use of procedure 5, and 
they are not separable by this technique 
in the event that they are present simul- 
taneously. 

In a 25-ml., glass-stoppered cylinder 
are placed 2 ml. water, 0.5 ml. glacial 
acetic acid, and 0.25 ml. concentrated 
hydrochloric acid. Either the water or 
the glacial acetic acid may contain the 
compound in question. The cylinder is 
placed in a boiling water bath for 1 hour 
and stoppered after 3 minutes’ immer- 
sion. The solution is then cooled and 
made up to original volume to compen- 
sate for any loss by evaporation. The 
material is next diazotized as outlined in 
procedure 1. Procedure 5 appears to be 
applicable to any derivative conjugated 
through the nitrogen of the amino 
group. Obviously, a test for the free 
amine should first be made on a separate 
aliquot because in examining a sample 
such as urine the present procedure 
gives total free and combined amine. 


PROCEDURE 6 


A modified Janovsky reaction (/6- 
19) is useful for both the qualitative 
identification of 2-nitrofluorene and the 
quantitative estimation of samples con- 
taining more than 50 micrograms. It is 
less sensitive than the method involving 
reduction to the amine given in proce- 
dure 4 but does not require a prelimi- 
nary test for the free or conjugated 
amine. 

In a 15-ml., glass-stoppered centri- 
fuge tube are placed a 4-ml. acetone 
solution of the nitro compound (e. g., 
the residue from evaporation of the ex- 
tract is taken up in this volume of ace- 
tone) and 2 ml. 6M aqueous potassium 
hydroxide, mixed by violent shaking, 
and allowed to stand 15 minutes; then 
the capped tube is centrifuged to sep- 


arate the layers sharply; the top layer 
is removed for colorimetric comparison 
by the use of a pipette. The acetone so- 
lution of the pure material gives a clear, 
deep magenta color that is tinted orange 
by the presence of extraneous material 
in urine. It is consequently most satis- 
factory to add a known amount of stand- 
ard to a normal urine sample and pre- 
pare in the same fashion as for the un- 
known. It is interesting to observe that 
this compound gives the color reaction, 
inasmuch as dinitrobenzene and trini- 
trobenzene and their homologs, but not 
the mono-nitro compounds, give such a 
color. 


DISCUSSION 


The preparation of suitable stock so- 
lutions of fluorene derivatives for 
standards for the colorimeter compari- 
son presents some difficulty because of 
their very low solubility in water. Ex- 
cept for the aminofluorene, satisfactory 
standards may be prepared in glacial 
acetic acid and kept in dark bottles. The 
solubility of the amino derivative is 
great enough in saturated aqueous solu- 
tions to permit the use of water. The 
acetic acid solutions are obviously not 
completely satisfactory for adding to 
urines or tissues when running control 
recovery experiments. There exist no 
quantitative data for the aqueous solu- 
bility of any of the materials listed here: 
they are simply reported as insoluble in 
water. Accordingly, this hiatus has been 
filled by using as reference an amine 
standard solution in acetic acid to com- 
pare with the saturated aqueous solu- 
tion of each of the four in turn. The 
saturated water solutions were prepared 
by heating a 100-mg.-per-liter suspen- 
sion of the compound to 100° C. for 30 
minutes, since they are all more soluble 
in hot water than in cold, cooling to 25 
overnight, and filtering through hard 
paper. They were then put through 
the appropriate procedures outlined 
previously. 

There is apparently some destruction 
of the nitro group during reduction, as 
noted earlier in this paper; accordingly 
the observed figure for the compound 
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is adjusted upward by 20 percent to give 
the value in the following tabulation : 

Solubility in water of 2-aminofluo- 
rene and derivatives at 25° C.: 


“=e 


Milligrams per 100 
Compound : ml. dissolved 
2-Aminofluorene _ 3.0 
N-Acetyl-2-aminofluorene 1.3 
N,N-Diacetyl-2-aminofluorene 


) 
ao. ¢ 
2-Nitrofluorene : = 4 


The solubility of the amine in 2 per- 
cent urea, 0.9 percent saline, phosphate. 
or carbonate buffer is of the same order 
as in water. 

These compounds are all moderately 
soluble in glacial acetic acid, 1,2-dichlo- 
roethane, benzene, toluene, propylene 
glycol, ethylene glycol, monobutyl ether, 
ethyl alcohol, and more so in dioxane, 
methyl ethyl ketone, acetone, and car- 
bon disulfide. Any of the solvents that 
are immiscible with water or that can 
be rendered immiscible might be used 
to extract the fluorene derivative from 
their aqueous solutions. In general, it 
is somewhat more satisfactory to extract 
from tissue with 1,2-dichloroethane than 
with acetone because it takes out less 
extraneous interfering material. The 
aqueous layer must first be saturated 
with salt if acetone is used. Both ace- 
tone and ether take out brown, tarry 
substances from urines. They likewise 
take out lipids and substances giving 
the Ehrlich diazo reaction from both 
tissues and urines. The compounds 
studied have a preferential solubility in 
lipids so that their extraction from tis- 
sues such as perirenal fat or brain is 
attended by difficulties owing to the 
great amount of fatty substance. The 
fatty substance may be largely removed 
from the extract by chilling the ace- 
tone-free extract in an ice bath follow- 
ing centrifugation of the mixture after 
adding glacial acetic acid. Even so, it 
is difficult to remove all the fat, and that 
remaining interferes with the final com- 
parison of the colored solutions so that 
results for recoveries of known added 
amounts under these circumstances are 
sometimes in error by 20 percent. 

After establishing the validity of the 
procedures for water solutions of the 


compounds and for the compounds 
added to urines, the methods were ap- 
plied to samples obtained from experi- 
mental animals. Table 1 gives some 
data illustrating the sort of informa- 
tion that may be obtained. For this 
experiment, one dose of 50 mg. per kilo- 
gram of body weight.’ of a 7 percent 
2-aminofluerene solution in a 20:80 
acetone : propylene glycol (volume: vol- 
ume) mixture, was injected subcutane- 
ously between the shoulder blades of a 
normal * male rabbit weighing 2.8 kg. 
Food was withheld, but water was avail- 
able. Sixty milliliters of urine was ex- 
ereted overnight (trine 1); at 16 hours 
after the injection another 60-ml. sam- 
ple (urine 2) was obtained by catheter- 
ization, and 120 minutes later a third 
portion of 15 ml. (urine 3) also by cathe- 
terization. Eighteen hours after injec- 
tion, the animal was killed, and the tis- 
sues were analyzed for 2-aminofluorene. 
Two estimations were made on each tis- 
sue, aminofluorene by procedure 1, and 
conjugated aminofluorene by procedure 
5, because it was at once apparent that 
there was practically none of the free 
amino compound present. 


T.BLeE 1.—Distribution of 2-aminofluorene in 
the urine and tissues of a rabbit 





Conjugated 
amino 
compound 
per 100 gm 
or ce 


Aminoflu- 

orene per 

100 gm. or 
ce 


Tissue ! or fluid 


Milligrams Milligrams 
Urine | 0 
Urine 2 ol 16 
Urine 3 0 12 
Kidney cortex 0 
Kidney medulla 0 
Bile 0 
Liver 0 
Plasma 0 
Perirenal fat 0 
Colon contents 0 
Brain 0 
Muscle and fat at injection site 10 





Lung, heart, gastrocnemius muscle, eyes, blood cells, and 
testes were negative 


‘This dosage of 50 mg. per kilogram of body 
weight is an amount that when ingested repeatedly 
has been found to produce tumors in rats. 

*The rabbit had been unsuccessfully inoculated 
intratesticularly with Brown-Pearce carcinoma 2 
months earlier by Dr. J. W. Thompson and George 
Jarrels, of this Institute. At necropsy it was found 
to be normal 
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It would seem from table 1 that 
aminofluorene must be conjugated as 
rapidly as absorbed or perhaps in order 
to be absorbed. It is worthy of note that 
in 18 hours approximately 10 percent 
of the dose administered is excreted in 
the urine in a combined form that is 
more soluble than either the amino- 
fluorene or the acetylaminofluorene. A 
considerable amount is evidently ex- 
creted with the bile. The quantity in 
the urine represents, for sample 3, an 
eightyfold concentration from the 
plasma. If the usual renal clearance 


for the 120 minutes covered by sample 
3 is calculated by the formula 


Urine volume 
Minutes 


Urine concentration 
Plasma concentration 


Milliliters plasma cleared per minute, 
there is obtained 10 ml. per minute of 
plasma cleared of the compound. This 
is of the general order for the rate of 
glomerular filtration for rabbits of this 
s1Ze, 


SUMMARY 


A method for the estimation of 
2-aminofluorene in biologic material is 
presented. The method depends on 
diazotization of the amino group in an 
acid medium, followed by coupling with 
sodium 2-naphthol-3,6-disulfonate — in 
strongly alkaline solution. By the hy- 
drolysis of N-acetyl-2-aminofluorene 
and N,N-diacetyl-2-aminofluorene, these 
two compounds may likewise be esti- 
mated. 

The method is applicable to 2-nitro- 
fluorene following its reduction. 

The Boniger reaction for detection of 
primary amines using sodium 1.2- 
naphthoquinone-4-sulfonate is appli- 
cable to 2-aminofluorene and under suit- 
able conditions may be used for its quan- 
titative estimation. The Janovsky reac- 
tion may be applied to 2-nitrofluorene 
in acetone solution. 

The use of these methods enables the 
approximate solubility in water of the 
four fluorene derivatives listed to be 
estimated, and these data are included. 

The application of these methods to 
biologic material is illustrated. 
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EFFECTS OF CYSTINE 
INCIDENCE OF 
STRAIN A MICE 


AND CALORIE RE 
SPONTANEOUS PULMONARY 


STRICTION ON THE 
TUMORS IN 


By C. DonALtp LARSEN, research fellow, and WALTER E. Heston, senior geneticist, National 
Cancer Institute, National Institute of Health, United States Public Health Service 


INTRODUCTION 


The role of diet in the genesis of spon- 
taneous and induced mouse tumors has 
eceived considerable attention in recent 
‘ears. White and his collaborators have 
eported a series of investigations of the 
flects of diets relatively low in cystine 
m the incidence of spontaneous and in- 
luced tumors in mice and rats. Strain 
lba mice, fed a diet relatively low in 

vstine and cael and intermittently 
arms with 0.2 percent methylcholan- 
threne in ether, experienced a striking- 
vy lower incidence of leukemia than did 
‘ontrol mice maintained on Purina deg 
‘how or mice fed the deficient diet sup- 
plemented with cystine (7, 2). White 
ind Edwards (3) reported the produc- 
tion of hepatic tumors in Osborne-Men- 
del rats by the administration of p-di- 
nethylaminoazobenzene in diets rela- 
tive sly high and low in cystine. Rats fed 
the lowe ystine- p-dimethylaminoazoben- 
zene diet developed fewer hepatomas 
than did those fed the high cystine-p- 
limethylaminoazobenzene diet; the 
Loup suffering from the dietary cystine 
leficiency exhibited a consider rably ex- 
ended mean latent period. 

White and Andervont (4) maintained 
strain C3H virgin female mice on a diet 
elatively low in cystine and _ protein. 
Che spont: uneous-mammary-gland-car- 
inoma incidence was thereby reduced 
from nearly 100 percent in litter mates 
fed a high-cystine diet and Purina dog 
‘how to 0 percent. White and White 
(5) demonstrated that subcutaneous im- 
plantation of diethylstilbestrol pellets 
n strain C3H female mice, whose 
growth was inhibited by dietary cystine 
leficiency, was followed by the develop- 


ment of mammary-gland tumors in 
nearly half the mice. Recently, White 
and others (6) reported that a 50-per- 
cent reduction in calories, without 
changing the quantity or ratio of essen- 
tial dietary elements consumed, reduced 
the incidence of mammary-gland tu- 
mors from 100 to 12.5 and 18.2 percent 
in strain C3H virgin and breeding fe- 
males, respectively. Calorie restriction 
of methylcholanthrene-painted strain 
dba mice resulted in a reduction in the 
incidence of leukemia and a more than 
threefold extension of the mean latent 
period, 

Tannenbaum (7), in the first of 
series of re ports on the effects of under- 
feeding on the incidence of spontaneous 
and induced tumors in mice, found that 
underfed mice developed fewer tumors 
and at a later time than did full-fed 
animals. Bischoff and co-workers (8, 
9) had shown earlier that caloric re- 
striction, in the absence of a deficiency 
of essential nutrients, retarded the 
growth of mouse sarcoma 180. Visscher 
and associates (10), by restriction of 
dietary carbohydrates and fat, effected 
a one-third reduction of ingested ecal- 
ories and thereby reduced the incidence 
of spontaneous mammary-gland tumors 
in strain C3H virgin female mice to 
zero. Tannenbaum (//), as a result of 
later experiments in which the calorie 
factor was studied, concluded that ca- 
lorie restriction per se was the principal 
factor in the lowered incidence of spon- 
taneous and induced tumors and in the 
delay in the time of their appearance. 

Of the spontaneous tumors which oc- 
cur in mice, that of the mammary gland 
of the strain C3H female mouse was 
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studied predominantly by the foregoing 
investigators. For some years it has 
been recognized that the endocrine in- 
fluence plays an important role in the 
genesis of mammary-gland tumors. It 
became of interest to examine the effects 
of dietary modifications on the genesis 
of a spontaneous tumor which is not 
known to be influenced by endocrine 
balance. The spontaneous pulmonary 
tumor in the strain A mouse was there- 
fore chosen. This paper records the re- 
sults of an investigation of the influence 
of dietary cystine deficiency and caloric 
restriction on pulmonary-tumor inci- 
dence in strain A mice. 


EXPERIMENTAL PROCEDURE 


At the time this investigation was 
started, two colonies of strain A mice 
were being maintained at the National 
Cancer Institute. Each had been de- 
rived from Dr. Bittner’s colony at Bar 
Harbor. It was anticipated that mice 
fed for long periods on a cystine-defi- 
cient diet would constantly be in sub- 
optimal physical condition. Therefore, 
in an attempt to obtain mice of maxi- 
mum vigor, male and female mice from 
the separate colonies, 10 and 8 genera- 
tions removed, respectively, from the 
common source, were mated, and the 
progeny were used for the investiga- 
tions described herein. 

Weanling mice were subjected to lit- 
ter-mate distribution and placed in 4 
groups. Approximately equal sex dis- 
tribution was made, and the several 
groups were built up until each group 
contained 170 animals. Mice in group 1 
served as controls and were fed Purina 
dog chow. The animals in the other 3 
groups were placed on their respective 
dietary regimens at 4 to 6 weeks of age, 
at-a time when individually they had 
attained weights of 15.5 to 16.5 gm. 
Mice not conforming to these standards 
were discarded. Group 2 consisted of 
mice fed the White high cystine-low 
protein diet (table 1). The mice in 
group 4 were maintained on the low- 
cystine diet, the composition of which 
was the same as the high-cystine diet 


except that in the latter 0.5 percent cys- 
tine was substituted for an equal quan- 
tity of starch. The mice in group 3 were 
fed the high-cystine diet but were allo- 
cated only as much food each week as 
was consumed on the average by the 
mice fed the low-cystine diet (group 4) 
during the preceding week. ’ Groups 1, 
2, and 4 had tinlimited access to their 
respective diets; mice in all groups had 
access to tap water at all times. Mice in 
groups 1, 2, and 4 were caged in pairs in 
wire-mesh-bottom suspended cages. 
Those in group 3 were kept in similar 
‘ages equipped with a close-fitting, 
wire-mesh partition, which excluded 
each mouse from its cage mate’s food; 
each mouse received daily approxi- 
mately one-seventh of its weekly allot- 
ment. 


TABLE 1.—Composition of diets 





High Low 
cystine cystine 


Percent 


Percent 


Casein ! 
Starch 

Crisco 
Cod-liver oil 
Salt mixture ? 
Ryzamin B?*_. 
Liver extract * 
l-Cystine 


DP wn owe 


Total 





! Labeo, vitamin-free. 
1 Osborne-Mendel, Hubbell modification. 

Burroughs-Wellcome. 

4 Eli Lilly No. 343. 

Animal weights were recorded each 
week ; average values are represented by 
the curves in figure 1. Net food con- 
sumption for mice in groups 2 and 4 
was determined weekly; _ spillage, 
weighed to the nearest 0.5 gm., was de- 
ducted from the gross difference in 
week-to-week food cup in-and-out 
weights for each cage. Average net- 
food-consumption values are shown in 
figure 2. 

Mice in the control and experimental 
groups Were maintained on their respec- 
tive dietary regimens until they at- 
tained an age of 14 months, at which 
time a suitable number were taken from 
from each group and killed. The re- 
maining animals in each group were al- 
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Figure 1—Weight response of strain A mice fed dog chow and semi-synthetic diets. Num- 
bers on curves represent numbers of mice from which average values were derived. 
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RE 2.—Average weekly food consumption of high- and low-cystine diets. 


weeKs 


The curve 


for the low-cystine group also represents the quantity of high-cystine diet allocated each 


week to the high cystine-restricted group. 


Numbers of mice used in derivation of 


average values are those given on the weight curves of figure 1. 


lowed to live to 17 months, when the 
survivors were killed because of in- 
creasing mortality and in order to ob- 
tain adequate data in each group. All 
mice were killed by cervical dislocation, 
and with the aid of a dissecting micro- 
scope, the presence or absence of periph- 
eral pulmonary tumors was noted prior 
to fixation. All nodules, whether frank 
or questionable, were fixed in Tellye- 
snizcky’s fluid, sectioned, and micro- 
scopically examined. In some instances, 
mortalities occurred in the interim be- 
tween daily inspections. When found, 
the animals were necropsied; and if 
autolysis did not preclude accurate ex- 
amination of the periphery of the lungs, 
the presence or absence of nodules was 
noted. Observation of pathologic 
changes in other organs will be reported 
later. 


RESULTS AND DISCUSSION 


Examination of the average-weight 
curves (fig. 1) reveals that mice fed the 
high cystine-low protein diet (group 2) 
attained maximum weights approxi- 
mately 4 gm. less than those maintained 


on Purina dog chow. Hair balls were 
found in the stomachs of about 70 per- 
cent of the mice in this group. This con- 
dition, which in the more advanced 
state probably interfered with utiliza- 


tion of ingested food, together with the 
low concentration of protein in the diet, 
possibly accounted for the fact that the 
average animal weight was less than 
that of the controls. In other respects. 
the mice fed the high-cystine diet ap- 
peared to be comparable with those in 
the control group, except that the for- 
mer were prone to develop diarrhea of a 
type which occasionally was accompa- 
nied by crusting of the soft feces about 
the anus, obstruction, rectal perforation, 
and death. This syndrome was noted 
less frequently in groups 3 and 4, and 
not at all in the controls. 

Mice in groups 3 and 4 were com- 
parable in all respects, except that those 
fed the high cystine-low protein diet 
in restricted amount (group 3) weighed 
on the average 3 to 4 gm. more than the 
animals fed the low cystine-low protein 
diet ad libitum (group 4). Conversely, 
mice in group 3 weighed on the average 
4 or 5 gm. less than those in group 2. 
Hair balls were found in the stomachs 
of about 75 and 90 percent of the mice 
of groups 3 and 4, respectively. 

We wish to point out that mice killed 
at 14 months of age were not a true 
random sample. Some mice in the chow- 
fed group suffered weight losses which 
in a few animals may have been due to 
respiratory disorders, and in others 
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may have been caused by debility as- 
sociated with nephritis, which develops 
in more than 95 percent of the mice of 
this strain by the time they have at- 
tained this age. These mice would have 
been unable to survive to the end of the 
proposed experimental period; and in 
order to provide for as many survivors 
as possible at 17 months and to utilize 
approximately equal numbers of ani- 
mals in the 14- and 17-month samples, 
those for whom prognosis was poor at 
14 months, together with sufficient num- 
bers of other mice chosen at random to 
fill out the groups, were killed at that 
time. The remaining mice in all groups 
were maintained on their respective 
diets, and all survivors were killed at 
17 months of age. The inclusion of all 
contro] mice suffering from appreciable 
loss in weight at 14 months in the group 


necropsied at that time accounts for the 
unexpected increase in average weight 
of animals in that group at 15 months 
(fig. 1). Numbers of debilitated mice 
in other groups, withdrawn with the re- 
spective 14-month samples, were not 
sufficient to alter the subsequent weight- 
curve trends. 

Data derived from the samples taken 
at 14 months are presented in figure 3. 
From general observation it appears 
that there are no striking differences in 
tumor incidence between groups, al- 
though a tendency toward decreased in- 
cidence is suggested for the mice fed the 
experimental diets. Statistical signifi- 
cance of the differences were deter- 
mined by application of the y? test (/2). 
On the basis of the available data, the 
difference between the incidence in the 


i] 


controls and that in group 3 is not sta- 
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tistically significant ; P>0.10; y*=1.95. sulted in P values slightly greater than 
However, analyses of incidence differ- 0.05 (,°=3.6 and 3.4, respectively). 
ences between males of groups 1 and 3 These values are close to the borderline 
and between males of groups 2and3re- of probable statistical significance and 
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Figure 4.—Incidence of pulmonary tumors in 17-month-old strain A mice maintained on 
the dietary regimens as indicated. P (probability) values were derived from the 
respective x* values in parentheses. 
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support the impression obtained from 
the bar diagrams (fig. 3) that a paral- 
lelism may exist between the incidence 
of pulmonary tumors and the body 
weights in certain groups. This tend- 
ency is accentuated by subsequent 
analyses. 

The killing of all mice that survived 
to 17 months furnished the data ex- 
pressed by the bar diagrams in figure 4. 
Analysis of the data for all 17-month- 
old animals in groups 1 and 2 leads to 
P=9,02 (close to accepted limits of sta- 
tistical significance). Similar compar- 
isons of groups 1 and 3, and 1 and 4 
reveal statistically significant differ- 
ences (P<0.01 in each case). Examina- 
tion of differences between male mice in 
groups 1 and 2, 1 and 3, and 1 and 4 
reveal significance in the last two cases 
but not in the first. Probable signifi- 
cance can be concluded from analyses 
of differences between female mice in 
groups 1 and 2 and in groups 1 and 3. 
Here again, as in the examination of 
the samples taken at 14 months, the 
total pulmonary-tumor incidence tends 
to parallel the body weights of the mice 


in the respective groups. 

Examination of the protocols of all 
necropsied mice not included in the two 
samples demonstrated that mortality 
with age was sufficiently uniform in all 
groups to permit analyses of pooled 


data. Death of mice prior to 11 months 
of age was infrequent and spotty. Ne- 
cropsies of all mice from 11 to 17 
months, inclusive, were made at an av- 
erage age of 15.04 months, with a de- 
viation of not more than 0.4 month 
within the respective groups. In order 
to substantiate or refute trends of tu- 
mor incidence under the experimental 
conditions herein described, as sug- 
gested by the two samples cited, all 
available data were pooled and ana- 
lyzed. The pooled data are repre- 
sented by the bar diagrams in figure 5. 

Definite and progressive significance 
is obtained from successively comparing 
group 1 asa whole with groups 2, 3, and 
4. Comparison of groups 2 and 3 dem- 
onstrates a difference which approaches 
probable significance (?=0.10) and 


which might be established as signifi- 
cant with larger groups of animals. 
Between groups 2 and 4 is noted a dif- 
ference which is probably significant 
(P=0.02). On the other hand, the dif- 
ferences between groups 3 and 4 are in- 
terpreted as being due to chance 
(P=0.50). The nearly identical in- 
cidences of pulmonary tumors in these 
two groups, fed equal quantities of the 
high- and low-cystine diets, demon- 
strates that the genesis of pulmonary 
tumors in strain A mice was not affected 
by different levels of cystine in the diet. 

Casual examination of the bar dia- 
grams in figure 5 leads one to the con- 
clusion that pulmonary-tumor inci- 
dences in the male mice of the several 
groups tend to parallel the average 
animal weights of mice in the respec- 
tive groups more closely than do the 
tumor incidences of the females in the 
same groups. In the male mice, the 
incidences progressively decrease, as do 
the average animal weights, from group 
1 to 2, to 3, to 4. The incidence differ- 
ence between the males of groups 1 and 
2 approaches probable — significance 
(P=0.15): that between the males of 
groups 1 and 3 and groups 1 and 4 are 
definitely significant (?<0.01 in each 
case). Likewise, the males of group 2 
differ from those of groups 3 and 4 
to a significant degree (/=0.01, and 
P<0.01, respectively). Whereas the 
incidences in the males in groups 3 and 4 
differ in percentage, the difference is not 
statistically significant (P=0.35). 
This is in accord with the analyses of 
the entire groups (both sexes combined ) 
and again indicates that dietary cystine, 
other factors being equal, is not a factor 
in the genesis of pulmonary tumors in 
strain A mice. 

Pulmonary-tumor incidences in the 
female mice of the groups did not par- 
allel the average weights of the animals 
in the respective groups as did the in- 
cidences in the male mice. The inci- 
dence of pulmonary tumors in the 
female mice in each of the three groups 
fed the experimental diets differed from 
that in the chow-fed females to the 
same degree of significance (groups 
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Figure 5.—Incidence of pulmonary tumors in strain A mice, 11-17 months old (average age 
15.04+0.4 months), maintained on the dietary regimens as indicated. P (probability) 
values were derived from the respective x values in parentheses. 


1-2, P=0.02; 1-8, P=0.03; and 1-4, _ suffered no higher pulmonary tumor in- 
P=0.02). It appears that female mice —cidence than did litter mates fed the 
fed the high-cystine diet ad libitum — same diet in restricted amount. This 
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is not in accord with the incidence 
difference between males of the same 
groups. Whether or not this anomaly 
indicates a difference in response be- 
tween the sexes to different caloric levels 
may warrant further investigation. 
Likewise, the lung-tumor incidence of 
female mice maintained on the high- 
cystine diet ad libitum appears to have 
been no greater than that of litter mates 
fed the low-cystine diet ad libitum. 
Female mice fed equal amounts of the 
high- and low-cystine diets (groups 
3 and 4, respectively) exhibited prac- 
tically identical pulmonary-tumor in- 
cidences which again indicates that 
dietary cystine, at the levels employed in 
the experimental diets, is not a factor 
in pulmonary-tumor genesis. 

An inspection of the bar diagrams in 
figure 5 shows an apparent sex differ- 
ence within groups. In groups 1 and 2, 
the pulmonary-tumor incidence in males 
exceeds that in the corresponding female 
mice. Although the difference between 


the sexes in the control group is not sta- 
tistically significant (P=0.30), that in 
the group fed the high-cystine diet ad 


libitum (males, 50.0 percent; females, 
33.0 percent) is within the range of 
probable significance (P=0.04). In the 
groups fed the restricted high-cystine 
diet and the low-cystine diet ad libitum 
(groups 3 and 4, respectively) there is 
found a trend toward sex difference, but 
in the opposite direction to that noted 
in groups 1 and 2. In group 3, analysis 
of the data fails to establish a signifi- 
cant difference (P=0.45). Within 
group 4 is encountered a somewhat 
sharper sex difference (P=0.15), which 


is, however, still above usual arbitrary 
limits of statistical significance. 


SUMMARY 


Young strain A litter-mate mice were 
divided into four groups and fed Pu- 
rina dog chow, a high cystine-low pro- 
tein diet ad libitum, a high cystine-low 
protein diet restricted in amount, and 
a low cystine-low protein diet ad libi- 
tum, respectively. 

Differences were noted in incidence of 
pulmonary tumors from group to group 
which was in the same direction as aif 
ferences in average weights of the mice 
in the several groups. 

Female mice maintained on each of 
the three experimental dietary regi- 
mens exhibited a singularly constant 
incidence of pulmonary tumors from 
group to group. In each instance, the 
tumor incidence differed from that in 
the chow-fed controls to the same sig- 
nificant degree. 

The significant difference between the 
pulmonary-tumor incidence of male 
mice fed the high cystine-low protein 
diet ad libitum and that of male mice 
fed the same diet restricted in amount 
may be attributed to a difference in 
caloric or protein intake, or possibly to 
some other factor. 

Absence of statistically significant 
differences in pulmonary-tumor inci- 
dence in groups fed equal quantities of 
high cystine-low protein and low cys- 
tine-low protein diets demonstrates that 
cystine per se within the limits employed 
in these diets does not affect the genesis 
of pulmonary tumors in strain A mice 
of an average age of 15 months. 
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VARIATIONS IN 


OCCURRENCE 


OF PATHOLOGIC CALCIFICA- 


TION, NEPHRITIS, AND AMYLOIDOSIS IN MICE FED CON- 


TROL AND MODIFIED DIETS 


By WALTER E. HEsTON, senior geneticist, C. DoNALD LARSEN, research fellow, and MARGARET 
K. DERINGER, research fellow, National Cancer Institute, National Institute of Health, 


United States Public Health Service 


INTRODUCTION 


This paper reports an increase in 
pathologic calcification and a decrease 
in nephritis and amyloidosis in mice that 
had been maintained on deficient diets. 
The observations were made in the his- 
tologic study of organs of the animals 
from experiments that were designed to 
determine the effect of certain deficient 
diets on the incidence of spontaneous 
pulmonary tumors in strain A mice and 
were described in the preceding paper 
(7). 

MATERIALS AND METHOD 


A detailed description of the diets 
and the manner in which the experi- 
ments were conducted is given in the 
preceding paper. Strain A mice, 4 to 6 


weeks old, were divided into four 
groups: one group was continued on the 
control Purina dog chow diet; the sec- 
ond group was fed the White (2) high 
cystine-low protein diet ad libitum; the 
third group was given the high cystine- 
low protein diet, each mouse being re- 
stricted in amount equal to the average 
food consumption of the fourth group, 
which was fed the low cystine-low pro- 
tein diet. 

Three hundred forty-five animals 
were included in the study of the three 
conditions described herein. They were 
mice from the four diet groups and were 
killed at 14 and 17 months, the ages at 
which most of the animals of the experi- 
ments were killed. Animals that were 
found dead or those from which insuffi- 
cient tissues were taken were not in- 
cluded, thus certain mice of 14- and 17- 

654380—45——_4 


month age groups were eliminated, as 
well as those of all other ages, which 
were included in the preceding paper. 
At necropsy observations on the gross 
organs were recorded, and for the most 
part histologic sections were made of 
the lung, heart, aorta, kidneys, testes, 
ovaries, and uterus. In cases in which 
certain of these organs were not sec- 
tioned, however, no selection was in- 
volved. The pulmonary tumors also 
were sectioned. The tissues were fixed 
in Tellyesniczky’s fixative’ and were 
stained with hematoxylin and eosin. 


RESULTS 
PATHOLOGIC CALCIFICATION 


In 1941 White and Mider (2) noted 
sclerotic lesions in the larger blood ves- 
sels of strain dba (dilute brown) mice 
that had been fed the low-cystine diet 
and painted with a 0.2-percent solution 
of methylcholanthrene in ethyl ether. 
They reported these lesions to be most 
pronounced in the arch and thoracic 
portions of the aorta and described 
them as large deposits of amorphous 
calcium that had replaced the normal 
tissue of the media and caused local 
thickening of the walls of the sclerosed 
vessels. The carotid, renal, and cerebral 
arteries and the larger arteries of the 
splanchnic area were involved less fre- 
quently and less extensively than was 
the aorta. No gross changes were ob- 
served in the heart. Subsequent to the 
suggestion by White and White (3, 4) 


170 percent ethyl alcohol, 20 parts; 
parts; glacial acetic acid, 1 part. 


formalin, 2 
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that cystine is required for detoxication 
of methylcholanthrene, White and Mi- 
der (2) suggested that the vascular 
damage was ‘the result of toxic ity of the 
methylcholanthrene probably not re- 
lated to its carcinogenic properties. Re- 
sults of later experiments by White and 
others (5, 6) did not oppose this inter- 
pretation. Data presented herein, how- 
ever, show that strain A mice which 
were fed the low-cystine diet and exam- 
ined at a later age had developed similar 
sclerotic changes without treatment 
with methylcholanthrene. 

These observations on pathologic cal- 
cification, which in the larger blood ves- 
sels and probably elsewhere, was com- 
parable with that described by White 
and Mider, are summarized in table 1 


TABLE l1.- 


—Occurrence of pathologic calcification, 
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The condition was most extensive in the 
mice fed the low cystine-low protein 
diet, although it was observed in some 
of the organs of certain animals of all 
four groups. In the males fed Purina 
dog chow, the lesion was not frequently 
observed in either age group. It was 
found in only 3 of the 32 males of the 
14-month group and in 11 of the 36 of 
the 17-month group; however, with 
exception the occurrence was limited to 
the arteries of the testes. The lesion 
was not observed in any of the 24 fe- 
males of the 14-month group fed the 
chow diet; and only 3 cases were found 
in the 37 females of the 17-month group, 
and in these 3 it was limited to the ar- 
teries of the ovaries. 

nephritis, and amyloidosis in mice fed 


four dif- 


ferent diets 


[Numerator=Number of mice with the lesion] 
[Denominator = Number of mice without the lesion] 





Pathologic calcification 


Amy loidosis 


3 


| Gonad 
| Gonad 


0/29 
0/21 
1/35 
0/37 


0/24 
0/15 
0/25 
0/29 


Dog chow 


0/13) 0/4 
0/19; 0/10 
0/13; 1/8 
0/15, O/11 


High cystine (ad libitum 


0/22 
0/26 
1/20 
0/25 


High cystine (restricted 


Low cystine 10/4 


9/13 


0/14 


8/14) 0/22 





In some cases the total number of mice exceeds the number of certain organs since not 
mouse 


all organs were taken from each 


The occurrence of calcification was 
not a nt or extensive in the groups 
of mice fed the high cystine-low protein 
diet ad libitum. It was not observed in 
any of the 19 females of the 14-month 
group or in any of the 15 females of 
the 17-month group. Some calcifica 
tion was found, however, in 9 of the 1 13 
males of the 14-month group and in 10 


of the 13 males of the 17-month group, 
but here also it was limited, with 1 ex- 
ception, to the arteries of the testes. If 
one considers the occurrence in the 
testes, the organ in this study appar- 
ently most susceptible to vascular cal- 
cification, one finds that the incidence of 
the lesion in this organ was significantly 
higher in the males “fed the high cystine- 
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low protein diet than in those fed the 
dog chow diet: for the data for the 17- 
month group, x?=8.36, and P<1 per- 
cent; for those for the 14-month group, 
y?= 12.59, and P<1 percent.? 

In the mice fed the high cystine-low 
protein diet in restricted amount, the 
occurrence of vascular calcification was 
limited principally to the arteries of 
the testes. Only 1 of the 26 females 
of the 14-month group and 2 of the 25 
of the 17-month group showed the lesion. 
It was found in 16 of the 23 males of 
the 14-month group, and in 15 of the 16 
testes sectioned. In the males of the 
17-month group, it was observed in 20 
of the 21, and in all 20 testes which were 
sectioned. The incidence in the testes 
of these males was again significantly 
greater than that of the control group 
on the chow diet but was not signifi- 
cantly greater than the incidence in the 
comparable age groups fed the high- 
cystine diet ad libitum. However, in 
the groups of male mice fed the high- 
cystine diet ad libitum and those fed 
the high-cystine diet restricted, the 
incidences in both age groups were high, 
but the slightly greater numerical differ- 
ence between the 14-month groups sug- 
gests that at an earlier age a greater 
effect of the diet fed in restricted 
amount over that of the diet fed ad 
libitum might have been shown. 

Extensive vascular calcification was 
found in the groups fed the low cys- 
tine-low protein diet. It was found in 
15 of the 17 females of the 14-month 
group and in 18 of the 22 in the 
17-month group, and in all 22 males of 
both age groups. In many cases it was 
extensive in all organs examined. 

In contrast with the observation of 
White and Mider (2), who did not 
note the condition in the lungs, in the 
present work the most extensive calci- 
fication was found in the lungs of some 
of the mice of this low-cystine group. 
This condition was so extreme in cer- 
tain instances that the lungs appeared 
granular and rigid and when dropped 

2 Significance is determined by use of x? with the 


correction for continuity See Snedecor (7, pp. 16 
and 160). 


into the fixative sank at once. The 
histologic appearance of a moderate and 
an extreme case is presented in figure 1. 
Furthermore, whereas White and Mider 
did not note the lesion in the heart, in 
these mice calcification of the coronary 
arteries was often found. Such differ- 
ences, however, may have been the re- 
sult of variation in treatment, their mice 
having been painted with methylchol- 
anthrene; in age, their mice coming to 
necropsy at a comparatively early age; 
or of a strain difference, since they used 
strain dba. 

One might summarize the condition 
in these experiments by reiterating that 
in the mice fed the chow diet, the high- 
cystine diet ad libitum, and the high- 
cystine diet restricted, pathologic calci- 
fication did not occur with any degree 
of regularity in any organ except the 
testis. Here it was frequently found, 
and the incidence was greater in the 
animals fed the high-cystine diets than 
in those fed the chow diet. In the low- 
cystine group, the condition was much 
more extensive than in any of the other 
groups. 

A definite explanation for the de- 
velopment of the calcification in these 
animals is not apparent. However, as 
shown in a recent review by Hueper 
(8), it appears that vascular sclerosis 
may result from any of a multitude of 
causes. A simple hypothesis is that the 
inadequate diets may have resulted in 
local cell necrosis, which was followed 
by calcification. 

NEPHRITIS AND AMYLOIDOSIS 


One of the characteristics of strain 
A mice is the development of nephritis 
in practically 100 percent of the animals 
approximately 12 months of age or 
older. In 1938 Andervont (72) re- 
ferred to its common occurrence in 
strain A mice, and later Gorer (73) de- 
scribed the condition as cystic disease 
of the kidneys, which he considered as 
a special type of hydronephrosis, in 


There has been some uncertainty as to the 
identity of this pathologic infiltration in mice with 
amyloid in man. Recent authors, however, have 
chosen to designate the condition as amyloidosis for 
the reasons given (9-11). 
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B a ee 
Figure 1,—Calcification in the lungs of mice fed a low eystine-low protein diet. A, Moderate 
case, X 130; B, Extreme case, * 117. 
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which obstruction of the nephrons ap- 
peared to have been brought about by 
focal necresis at the tip of the renal 
papilla. 

More recently Dunn (9) described 
this type of nephritis and its relation 
to amyloid infiltration of the kidney. 
She found amyloid in a number of or- 
gans, particularly in the interstitial 
tissue of Brunner’s glands but also in 
the heart, pulmonary veins, lung tu- 
mors, adrenals, gonads, endometrial 
stroma, skin, and kidneys. Amyloidosis 
occurred in the various organs with or 
without nephritis, but nephritis was 
rarely found without amyloidosis. She 
described the course of the disease as 
having begun with amyloid deposition 
in the interstitial tissue among the col- 
lecting tubules of the papilla, followed 
by necrosis and obstruction of the tu- 
bules, which resulted in the histologic 
changes that radiated to the surface of 
the kidney. She suggested the term 
“papillonephritis” since it emphasizes 
the primary injury to the papilla and 
does not suggest an analogy to any com- 
mon nephritis of man. 

The occurrence of amyloid infiltra- 
tion in the various organs of the mice 
of the present experiment tended to 
parallel that of nephritis, as Dunn ob- 
served in her material. Of the 345 mice 
used in our experiment, 157 showed 
both nephritis and amyloid deposition ; 
96, neither; 67, nephritis only; and 25, 
amyloid only. However, the number 
recorded as showing nephritis only is 
probably much greater than it would 
have been had more organs from these 
mice been sectioned. Furthermore, mice 
with nephritis could well have shown 
amyloid in the kidney at an earlier 
stage, and it might have been obliter- 
ated later by the necrosis and sloughing 
of the tip of the papilla. <A striking 
correlation existed between the inci- 
dences of the two conditions in the 
various dietary groups, as is shown 
subsequently. 

Table 1 shows that there was a pro- 
gressive decrease in both nephritis and 
amyloidosis from the chow-fed group 
through the groups fed high-cystine diet 


ad libitum and the high-cystine diet 
restricted, to the group fed low-cystine 
diet. In accordance with previous ob- 
servations, nearly all the mice on the 
chow diet had nephritis. All but 1 of 
the 32 males 14 months of age and all 
the 24 females of the same age showed 
the condition, and all but 1 of the 36 
males and all but 1 of the 37 females in 
the 17-month group were affected. In 
the 14-month group, 16 of the 32 males 
and 19 of the 24 females showed amy- 
loidosis, as did 30 of the 36 males and 32 
of the 37 females in the 17-month group. 
There was no evidence of a sex differ- 
ence in the incidence of nephritis: and 
the more often observed amyloid in the 
females as compared with that in the 
males could be expected since observa- 
tion was made of the uterus, a likely 
location for amyloid infiltration. 
Whereas the incidence of nephritis in 
the mice fed the high-cystine diet ad 
libitum was high, it was less than that 
in the chow-fed mice. In the 14-month 
group, 10 of the 13 males and 13 of the 
19 females showed the condition, and 
in the 17-month group 12 of the 13 males 
and 12 of the 15 females did. If the 
data for the males and females are com- 
bined and compared with the combined 
data of the chow-fed groups, it is found 
that the difference bet ween the 17-month 
groups approaches statistical signifi- 
cance: y?=2.83, and P is between 5 
and 10 percent; the difference between 
the 14-month groups is statistically sig- 
nificant: x?=11.75, and P<1 percent. 
As in the chow-fed group, amyloid 
was commonly found in the mice fed the 
high-cystine diet ad libitum. Seven of 
the thirteen males of the 14-month 
group had amyloid in at least 1 of the 
organs sectioned, as did 17 of the 19 
females of the same age. In the 17- 
month groups, amyloid was found in 9 
of the 13 males and 14 of the 15 females. 
Statistical comparison with the chow- 
fed groups was not attempted, however, 
because of the irregularity in the distri- 
bution of the amyloid and also because 
of variation in the organs sectioned. 
The incidence of nephritis was fur- 
ther reduced in the mice fed the re- 
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stricted amount of the high-cystine diet 
as compared with those fed the same 
diet ad libitum. In the 14-month 
groups fed the restricted diet, only 8 of 
the 23 males and 11 of the 26 females 
developed the condition, and in the 17- 
month groups, 12 of the 21 males and 
12 of the 25 Rooke did so. By com- 
ead the data for the sexes and com- 
paring them with those for mice of both 
sexes fed the high-cystine diet ad libi- 
tum, it was found that the differences 
are statistically significant in both age 
groups: for the data of the 14-month 
group, x°=7.21, and P<1 percent; for 
the data of the 17-month group, y?=7.08, 
and P <1 percent. 

In like manner, the occurrence of 
amyloid in the animals fed the high- 
cystine diet restricted was less than that 
in animals given the high-cystine diet 
ad libitum. Amyloid was found in only 
4 of the 23 males of the 14-month group 
and in only 3 of 21 in the 17- month 
group. It was found more often in the 
females: in 10 of the 26 in the 14-month 
group, and in 14 of the 25 in the 17- 
month group. In the sections of these 
females, however, the presence of amy- 
loid was limited largely to the uterus. 

The lowest incidence of nephritis and 
of amyloidosis was found in the mice 
fed the low cystine-low protein diet. 
Nephritis occurred in only 1 of the 8 
males in the 14-month, and in only 3 
of the 14 in the 17-month group. No 
amyloid was found in any of the males 
in either age group. In the females, 
nephritis was found in 2 of the 17 in the 
14-month, and in 2 of the 22 in the 17- 
month group. Three of the 14-month- 
old females and four of the 17-month- 
old females showed amyloid. The dif- 
ferences between the incidence of ne- 
phritis in both low-cystine age groups, 
sexes combined, and that in the corre- 
sponding age groups of mice on the 
high-cystine diet restricted are statisti- 
cally significant: for the 14-month 
groups, x’=4.39, and P is between 2 and 
5 percent; for the 17-month groups, 

*= 11.23, and P<1 percent. 

Theve are a number of steps in the 

relationship between these dietary fac- 


tors and this type of nephritis and 
amyloidosis that are not yet explained. 
From the results of these observations, 
however, it is apparent that with the 
reduction in protein and alteration of 
the other substances in these deficient 
diets, the incidence of nephritis in this 
highly susceptible strain is reduced, 
with an accompanying reduction in 
amyloidosis. If Dunn is correct in her 
interpretation of the causal relationship 
of amyloidosis to this type of nephritis, 
and these data support hers in showing 
a correlation between the two condi- 
tions and do not refute her contention 
that the amyloidosis precedes the 
nephritis, then we may assume that 
these dietary deficiencies inhibit the 
development of nephritis by prevention 
of amyloidosis. 

The high incidence of this type of 
nephritis in this highly inbred strain 
indicates the influence of genetic factors 
as Gorer (13) suggested. The observa- 
tions reported here suggest that the 
genic action may be associated with 
amyloid deposition and that its mani- 
festation can be reduced by altering the 
diet. 

As Dunn pointed out, this is not a 
type of nephritis commonly found in 
man. Nevertheless, these results may be 
of value to those interested in dietary 
influences on the various types of 
nephritis in man, as well as on amyloi- 
dosis in man, 


SUMMARY 


Extensive pathologic calcification was 
observed in strain A mice 14 and 17 
months of age that had been fed a low 
cystine-low protein diet. The highest 
degree of calcification occurred in the 
lungs of certain animals, but it was also 
observed in the aorta and arteries of 
the other organs sectioned, including the 
heart, kidneys, and gonads. With the 
exception of the testes, the lesion was 
infrequent and irregular in the organs 
of strain A mice of the same age, fed 
the high cystine-low protein diet ad 
libitum, high cystine-low protein diet 
restricted, and Purina dog chow. In 
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the arteries of the testes it occurred in 
males fed all these diets but was more 
frequent in those fed the high-cystine 
diets than in those fed dog chow. 

The deficient diets exerted an inhibi- 
tory effect on the development of the 
type of nephritis that commonly occurs 
in strain A mice. Practically all the 


mice fed Purina dog chow had nephritis, 
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INTRODUCTION 


Studies (7) have shown that the 
catheptic activities of different normal 
tissues cover a wide range. Inasmuch 
as the catheptic activities of tumors fre- 
quently fall in this range, it is difficult 
to draw conclusions from general com- 
parisons of normal and neoplastic tis- 
sues. Since most normal tissues are 
composed of more than one type of cell, 
a strict comparison of the neoplastic 
elements of a tissue with their normal 
cell type of origin is practically unat- 
tainable at present. Probably a_pri- 


mary hepatoma and the normal liver 
represent the best pair of tissues avail- 
able for such comparison. 


The culture 
of a single type of cell, free from con- 
taminating enzymes, may at some fu- 
ture time provide more adequate con- 
trol tissue for a larger number of tu- 
mors. However, a comparative study 
of the catheptic activities of different 
spontaneous and induced neoplasms 
may elucidate problems concerning their 
growth rates and the effects of their 
altered metabolism upon the protein 
metabolism of the tissues of the host. 

Waldschmidt-Leitz and McDonald 
(2) and Purr (2) found that the cath- 
epsin content of transplantable rat ne- 
oplasms decreased with the aging of 
the tumor (increase in necrosis), which 
indicated that the cathepsin occurred 
‘hiefly in the surviving parenchymal 
rather than in the necrotic portions of 
the tumor. The systemic effects of ne- 
plasms have been noted by many in- 
vestigators. Changes in the size and in 
the proteolytic activities of the spleen 
ind liver of rats bearing neoplasms were 
lescribed by Maschmann and Helmert 
(4-6) and Purr (3). Recently Orek- 


hovitch (7) reported increased digesti- 
bility as well as increased catheptic ac- 
tivity of the muscles of rats with trans- 
plantable sarcomas. Parsons (8—/() 
tound leukocytosis of leukemic propor- 
tions and myeloid changes in blood- 
forming organs and increased numbers 
of giant cells (megakaryocytes) in the 
spleen in very early tumor develop- 
ment in CBA mice treated with methyl- 
cholanthrene. She observed also 
that CBA mice under treatment with 
methylcholanthrene and before tumor 
development showed early myeloid 
changes in the liver and spleen. Sim- 
ilar changes were seen in mice with 
grafted methylcholanthrene sarcomas. 
Barnes (//) differentiated the myeloid 
leukemias of mice from nonmalignant 
extramedullary myelopoiesis and ob- 
served varying degrees of myelopoiesis 
in the spleen and livers of mice with 
spontaneous breast tumors. 
Alterations in the respiration and 
glycolytic rates of the liver and kidneys 
after administration of benzpvrene 
were reported by Neuman (/2). Burk, 
Sprince, Spangler, Boon, and Furth 
(73) made an extended study of the 
metabolism (Q values) and derived quo- 
tients of lymphoid, myeloid, monocytic, 
and atypical leukemias induced in 
young mice by painting the skin with 
methylcholanthrene. They found that 
the spontaneous leukemias showed the 
most, while the induced leukemias 
showed the least alteration in the meta- 
bolic quotients indicative of malig- 
nancy. Lowered respiration and in- 
creased aerobic and anaerobic glycolysis 
were seen in the liver and spleen of 
some leukemic mice, and these changes 
were accompanied by varying degrees 
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of extramedullary hematopoiesis and changes in the histology of the neo- 
leukocytosis. plasms and the tissues of the tumor- 

In this report an attempt is made to bearing mice. The results of the study 
correlate the catheptic activities with are presented in table 1. 


TABLE 1.—Catheptic activities of extracts of neoplasms and tissues of normal and tumor-bearing 
mice 


STRAIN C3H 


Catheptic activity ! 
Age of 

Source trans- Tissue 
plant 


Weight 
range 7 Stand- 
: Mean Range ard de- 
viation 


Histology 


Days Grams Number| Mg. Milligrams 

‘Tumor 6.9 -15.9 7 | 0.146 0.107 -0.176 0.0255 | Typical, variable. 

Spleen .35- .57 4 . 357 . 306 -— . 395 .0447 | Moderate to extensiv: 
emh.3 

Liver 1.92- 2. 7 .119 0968- . 148 .0218 | Vacuolated cytoplasm ir 
some; nuclei reduced 
in number. 

Kidney - ; .§ .119 | .109 - . 132 0010 | Round-cell accumula 
tions in some. 

Lung ‘ = b ; .158 | .105 - .219 . 0478 Do. 


Spontaneous mam- 
mary carcinoma 


Tumor =— 5 - 2. .103 | .083 — .128 .0186 | Considerable connectiv: 
| tissue stroma and ne 
Mammary carcinoma crosis in some. 
induced in males |; Spleen _. ; a : . 276 265 - . 286 . Moderate emh; reduced 
with estrogens. lymphocytes. 
Liver .f l. .0435 | .0414— . 048 
Kidney - - -42- . ” . 0881 | .0872- . 0891 
Lung S 4 { . 1013 | .0936- . 109 


Tumor 5. 6 . § , 100 .09004- . 115 .0116 | Relatively cellular; con 
siderable necrosis. 
First transplant of Spleen mY a d . 229 . 207 - .26 .0274 | Slight emh; lymphocytes 
spontaneous mam- | ; abundant. 
mary carcinoma Liver - 2. , .0609 |. F . 0075 
Kidney . 5 : .0792 | . : . 0195 
Lung- : } . 0972 Slight neutrophilic in- 
filtration. 


Tumor . OF 0991 |. q ; Cytoplasm vacuolated 
nuclear substance rela 
tively reduced; smal! 
areas of necrosis. 

Spleen -13- . : -250 | .243 - . 25% Moderate emh; a few 
pigmented cells. 


Induced hepatoma E 
transplants 


Liver . 8 : . 0784 | . 0657 

Kidney - - - .32- .3! ‘ . 0785 | .0724 

Lung. .122 ‘ .0810 | .0711- . 0908 nae Pigmented macrophages 
on surface of bronchi. 


(Tumor , 2. 3 K .0969 | .0882- . Spindle-cell sarcoma 
very cellular; many 
areas of necrosis. 

Spleen _-. y ol , . 268 . 253 28% Some amyloid deposits 

Spindle-cell sarcoma considerable emh with 

from cecum trans- numerous myelocytes 
plants. Liver of ; : . 0840 | . 0806 

Kidney : 5 ‘ . 0946 | . 0882 

Lung . 131 

Mesenteric : .177 Abundant mature lym 

node. phocytes. 





Tumor. 3.4 - 7. 0786 | .0546- . 102 .0197 | Spindle-cell sarcoma; nu- 
merous areas of necro- 
Spontaneous osteo- sis. 
genic sarcoma trans- (- Spleen - -- § 5 ; . 154 .110 — . 222 0597 | Reduction in lympho- 
plants. cytes; slight emb. 
Liver P 5 - 1.55 3 0741 | .0578- . 0891 0161 
Kidney j .0816 | .0523- .111 


Spleen _. . 218 . 160 — . 244 . 0368 
Liver .0718 | .0377- . 100 . 0166 
Kidney - .0795 | .0553- . 100 . 0168 
Normal. Lung .0915 | .061 -— .113 .0191 
Muscle. .0463 | .0227- .0614 0183 
Intestine 0435 : ‘ 
Lymph gland. . 1983 | .174 - .219 
Bone marrow 1260 | .111 - .140 |_..--- 
Embryo. 7 .----| Liver -140 | .100 - .186 .0408 | Emh, erythrogenic type 
predominating. 


- 
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TABLE 1.—Catheptic activities of extracts of neoplasms and tissues of normal and tumor-bearing 
mice—Continued 










STRAIN A 








Catheptic activity 












Age of —_— ——— 
Source trans- Tissue Weight Histology 
plant range Sam- Stand- 











ples ? Mean Range ard de- 
viation 






































Days Grams Number Mg. Milligrams 
Tumor 0. 55-3. 6 14 | 0.135 (0. 067 -). 198 0.0383 | Some hemorrhagic and 
necrotic; others mod- 
erately cellular. 
Spontaneous mam- || Spleen .24- .43 6 258 169 -. 505 0.127 | Atrophy in some; exten- 
mary carcinoma, j sive emh in others. 
Liver 2.0 -2.7 10 0781 047 117 . 0198 
Kidney 42- . 48 6 148 099 203 0436 | Nephritis often present. 
Lung .17- .20 2 093 O85 101 















































First transplant of | 1h ane 48-3.7 10 i ++ ots 
spontaneous mam- TD 4 ses - 10 14 ° 198 194 
mary carcinoma. | Liver 1.21.5, ~ 0631 | . 0489 
. Kidney .30- . 36 2 OS9S 0741 
Tumor 26-2. 3 6 135 .105 188 0305 | Numerous blood-filled 
eysts; many cells with 
vacuolated cytoplasm 
Transplant of spon- Spleen 17- .25 4 222 178 249 0276 | Moderate emh; lympho- 
taneous hepatoma |; cytes abundant; some 
587. { necrosis. 
Liver 1.1 -1.5 6 077 043 - . 100 020 
Kidney 32- .40 2 102 O9S 106 
Lung.. re ti) ] 0936 
(Tumor 32-1.9 6 112 OR50- . 130 0167 | Extreme necrosis in some; 
much connective tissue 
Transplants of in- Spleen Os8— . 20 4 194 1281— . 235 .0465 | Germinal centersevident; 
duced intestinal 39 moderate emh. 
adenocarcinoma. | Liver 1.0 -1.4 4 0535 0405- . 0883 0281 
Kidney 32- .35 3 . 0809 0631- . 103 . 0204 
Lung 2 0978 0857— . 110 
Tumor 1.6 -3.6 9 . 0723 035 150 0435 | Epidermal carcinoma; 
ne ee moderate anaplasia. 
panne bonne | ‘wee .22- .38 4| .227 206 - . 240 . 0027 Moderate emh; abun- 
(induced),  forty- 30 ; a 5 7 = dant lymphocytes 
induced), forty- || Liver 1.0 -1.2 5 | .0776 | .053 - .117 0237 
eighth generation. |i 20- _ 38 5 105 059 123 "0261 
Lung 10- .12 2 131 097 165 
Spleen 06- .10 7 154 — . 254 6182 
Liver 11-15 15 030 078 0346 
Kidney 26- .45 11 0747 053 112 0183 
Normal mice Lung 10- .12 5 0812 . 049 105 . 0253 
Muscle 4 0467 025 069 0183 
Intestine 6 0600 039 O85 O1S85 
Forestomach 6 0255 | . 022 030 0174 








Mesenteric 0. 63 1 | 0. 282 Reticulum-cell 
node. plasia; leukemia 


hyper- 


















Spleen -- 2 93 1 196 Leukemic infiltration 
Spontaneous leuke- |\ Liver 2.15 1 133 Do. 
mia.* i= Kidney 58 1 103 Do 
Lung..-- 1 209 
Salivary 1 168 
gland. 
Mesenteric 80- 1.1 3 196 151 — . 236 0430 Extreme leukemic-cell in- 
node. filtration. 
| Spleen 48 3 274 214 345 0663 Extreme leukemic infil- 
tration. 
Transplants of in- Liver 2.2-2.4 3 173 164 186 0120 Extreme leukemic infil- 
duced leukemia |; 12 tration: necrosis. 
1534. | Kidney 35- .44 2 213 195 231 ; Considerable leukemic 
infiltration 
Lung 2 180 . 152 208 Compact masses of leu- 





kemic cells about ves- 
sels. 
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TABLE 1.—Catheptic activities of extracts of neoplasms and tissues of normal and tumor-bearing 
mice—C ontinued 


STRAIN dba—Continued 





Catheptic activity ! 
ve of oe ase OS a ee ee 
; Age 0 —— Weight 
Source trans- Tissue range Stand- 


plant “am | Mean Range ard de- 
ples ? ant 
Viation 


Histology 


Days Grams Number| Mg. Milligrams 

‘Tumor 2. 65- 5. 6 | 0.143 |0.116 -0.197 (0.0297 Mass of leukemic cells. 

Spleen 41 : : 199 168 233 . 0324 Extensive infiltration; 
splenic architecture 
lost; very few small 
lymphocytes. 

Liver 5-2 Moderate leukemic in- 
filtration. 

Kidney .é .6 : ° ; Considerable infiltration. 

Lung Generalized leukemic in- 
filtration. 


Transplants of spon- 
taneous leukemia 
I8S5. 


‘Tumor .75- 2.8 : . 157 16 .0104 | Spindle-cell sarcoma. 

Spleen if” Ss 2% Splenic follicles relatively 
abundant; pigmented 
macrophages 

Liver : 5 j .0701 | . O588-. 0881 ‘ Vacuolated cytoplasm; 
nuclear substance re- 
duced. 

Kidney ¢ . 088 : No pigment; some vacu- 
olation of tubular cells. 


Pransplant of Cloud- Lung , 118 ’ A few pigmented cells. 


man melanoma 891 


Tumor 5 : . 140 0156 

Spleen : : . 250 . 062 Slight emh; large num- 
bers of pigmented cells. 

Liver 2. 2. 3 , . 102 - . 136 0179 Pigmentation; slight vac- 
uolation of cytoplasm. 

Kidney 5¢ : . 0801 .0092 | Pigmentation and vacuo- 
lation of tubular cells. 

Lung Metastases and  pig- 

t mented macrophages. 


Tumor t g j : 0176 Spindle-cell sarcoma; 
moderate central ne- 
crosis and hemorrhage 

Spleen ‘ a d 236 | .27 a 0071 Moderate congestion: 
lymphocytes and re- 
ticulo-endothelial cells 
abundant. 


Tavlormammary car- 
cinoma transplant. 


Liver .é : . 0599 | .0560- . 0658 
Kidney 32 .4 k 1179 102 134 Moderate congestion of 
vessels. 


Lung , ‘ : . 0826 


Spleen K 221 . 20% 00592 
Liver q — . 0809 | . 0625 . 0145 
Kidney 2- . : . 0882 |. “ . 0108 
Lung , , . 0862 | . 0027 
Normal mice Salivary : . 0986 

gland 
Thymus 8 mos 
Thymus 6 wks 
Blood 





STRAIN C 


Tumor : é . 192 -0). 238 0. 0254 
Spleen 7 K ; . 140 190 ..| Senile atrophy, general 
absence of cells. 
Spontaneous lung Liver ; ‘ . 0645 | .0390- . 0900 : 
adenocarcinoma Kidney f 4 : a . O998- . 155 Slight round-cell infiltra- 
tion. 
Lung - a Marked round-cell infil 
tration 


Mesenteric ‘ . 2% , 27 0504 | Leukemic-cell replace- 
nodes. ment of normal struc- 
tures. 
Spleen 32- 2. 36 , . 23% fi Leukemic nodules, 
Liver , 
Kidney K ; 36 , 45 Moderate round-cell in- 
filtration, 


Spontaneous leukemia 


Lung 
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PaBLE 1.—Catheptic activities of extracts of neoplasms and t issues of normal and tumor-bearing 
mice—Continued 


STRAIN C—Continued 





Catheptic activity 
Age of _ — — — - 
Source trans- Tissue — a 
¢ L 2 ia 
plant Mean Range ard de- 
viation 


Histology 
ples ? 


Grams Number : Milligrams 
Tumor 15.0 —20.0 5 0853-0. 198 0.0448 | Typical myoepithelioma: 
some with extreme de- 
gree of necrosis. 
Spleen 90-1 .6 f 261 406 0600 | Extreme emh; many 
Grady salivary car- myelocytic forms. 
cinoma (myoepithe- Liver 8 -2 .6 2 159 206 Considerable emh 
lioma) transplants. Kidney 30 Neutrophilie infiltration 
of the glomeruli. 
Lung 20 : Heavy infiltration with 
leukocytes; mostly 
neutrophilic 


Tumor f 3: 277. Very cellular tumor with 
central necrosis 

Spleen : ‘ 22! 35% Moderate emh; germinal 

, ‘ = way centers evident. 
nie eee 7 \\ Liver y 3 0771 ‘ Round-cell accumulations 
in connective tissue 

Kidney j 2 ‘ 0913 

Lung : Numerous round-cell ac- 
cumulations 


Tumor ‘ } 5 0419 Anaplastic; epithelial 
type cell; solid cellular 
structure 

Spleen { s § 2: 7 , Apparent reduction in 
mature lymphocytes 
slight emh 


Crocker sarcoma 180 
transplants. 
Liver 
Kidney 
Lung Slight neutrophilic infil- 
tration 


Tumor : , 7 21: Numerous small areas of 
necrosis 
Spleen 27 2 , 23 215 2% Moderate emh; chiefly 
erythrogenic, lympho- 
Cc P sls , cytes abundant. 
poe sega Liver ‘ rh 0774 Vacuolation of cytoplasm; 
nuclear substance rela- 
tively reduced 
Kidney , ‘ ‘ 0775 
Lung : . Fi Cells of bronchial mucosa 
often vacuolated. 





Tumor : 2! ; : ’ ( .0239 | Very celtular; moderate 
| central necrosis 
| Spleen 1 26 Reduced lymphocytes; 
reticular tissue evi- 
dent 
zy / Liver ‘ . 6 s d 7 1023 Marked vacuolation of 
F liver-cell cytoplasm, 
reduced nuclei Nu- 
clear substance rela- 
tively reduced 
Kidney 45 ; OR58-. 100 
Lung 


(Tumor . 3 j 134 -. 206 265 Malignant melanoma; a 
few small areas of ne- 
crosis 

Spleen , XK Lymphocytes abundant; 
numerous pigmented 
macrophages 

Liver : ; if 6 0626-. 102 : Vacuolated cells about 
central vein. 

Kidney of . K 0746-. 124 Marked pigmentation of 
cells of convoluted tu- 
bules. 

Lung..-- Metastases. 
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TABLE 1.- 


Catheptic activities of extracts of neoplasms and tissues of normal and tumor-bearing 


mice—Continued 


STRAIN C—Continued 





Age of 
trans- 
plant 


Weight 
range 


Source Tissue 


ples 2 


Days Grams 
Tumor --| 3.2 -13.7 


Splee 
Amelanotic melano- pleen 


ma. Liver 


Kidney 
Lung 


Tumor 6.9 -10.8 

Spleen 20 
Liver ‘ 1.2 1.4 

Kidney 


Harding - 


Passe y 
melanoma 


Lung 


Spleen 

Liver 

Kidney 

Lung 

Muscle 

Intestine 

Salivary gland. 

Mesenteric 
node. 

Liver 


Normal 





Embryo 


Number, Mg. 


5 | .136 | .0813- .187 0486 


Catheptic activity ! 


Stand- Histology 


ard de- 
viation 


Mean Range 


Milligrams 
0. 161 . 113 -0.200 | 0.0317 | Spindle-cell type, wit! 
relatively little pig- 
ment. 

Moderate emh; 
erythrogenic. 
Marked vacuolation o 


liver cells. 


. 246 . 228 — . 264 . 0181 chiefly 


. 0573 5 . 0364 


-0562- . 1: 0369 


Some with metastases. 


. 107 — . 285 56 | Spindle-cell type; extra 
cellular pigment. 
.32- .2 Extensive emh; erythro- 
genic and myelocytic 
. 104 - .11 Kupfer cells generally 
pigmented. 
. 0884 P one ntation of tubular 
ce 
P eribronchial round-ce] 
infiltration; numerou 
pigmented macro- 
phages. 


. 1388 140 — . 243 0356 
. 0602 | .0370— . 0820 . 0141 
.0827 | .0590- . 110 . 0147 
. 0830 | .0647— . 0976 0173 
. 0260 | .0126- . 0332 . 009 
. 0608 | .0226- . 1026 . 0294 
.0805 | .0660- . 1017 . 0154 
. 1697 | . 167 — .172 


Embh, erythrogenic type 
| 





Catheptic activity is expressed in milligrams tyrosine color liberated per milligram nitrogen by 1 ec. of tissue extract acting 


on 5 ce. of 2.5 percent hemoglobin for 10 minutes at 38 


The spleen, kidney, and lung extracts were often ‘made from pooled tissues. 


3 emh, extrame dullary hematopoiesis. 
* White blood cells, 191,000. 


MATERIALS AND METHODS 


NEOPLASMS 


The mice with neoplasms and the 
normal mice were from the inbred col- 
onies and tumor strains maintained by 
the staff at this Institute. The follow- 
ing neoplasms of the C3H strain were 
studied: Spontaneous mammary car- 
cinomas, Mammary carcinomas induced 
in.males with estrogenic treatment, the 
first transplants of the spontaneous 
mammary carcinomas, transplants of a 
spontaneous osteogenic sarcoma (14), 
a spontaneous spindle-cell sarcoma of 
the cecum, and hepatoma E (75) which 
was originally induced by injections of 
2-amino-5-azotoluene. 

The following neoplasms of the strain 
A mice were studied: Spontaneous 


mammary carcinomas, the first trans- 
plants of the spontaneous mammary 
carcinoma, transplants of spontaneous 
hepatoma 587, transplants of an intes- 
tinal adenocarcinoma (/6) originally 
induced by giving methylcholanthren« 
in the drinking water, and transplants 
of a squamous-cell carcinoma of the 
forestomach (/7) induced by injecting 
a horse-serum dispersion of methylchol 
anthrene into the stomach wall. 

The following neoplastic tissues of 
the dba (212) strain were used: Thi 
enlarged mesenteric nodes of a mous 
with spontaneous leukemia having : 
white-blood-cell count of 191,000, trans 
plants of spontaneous leukemia 188% 
transplants of induced leukemia 153 
transplants of the Cloudman melanom 
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3991, and transplants of the 
jammary carcinoma. 
The following neoplasms of the C 
train mice were studied: A spontane- 
us adenocarcinoma of the lung, a spon- 
uneous leukemia, transplants of the 
pontaneous Grady salivary carcinoma 
myoepithelioma) (78), transplants of 
spontaneous adrenal cortical carci- 
oma (19), transplants of Crocker sar- 
ma 180, transplants of the Cloudman 
ielanoma S91 (20), transplants of 
artially amelanotic melanoma, and 
ransplants of the Harding-Passey mel- 
noma. 
The nontumorous and often appar- 
ntly normal tissues, usually the liver, 
pleen, kidneys, and lungs, of the mice 
ith tumors were also studied. As con- 
rols, the same tissues and the lymph 
lands, thymus, muscle, intestines, fore- 
tomach, and salivary glands of normal 
\ice of the different strains were used. 
Since the kidneys of the older strain A 
lice were frequently nephritic and 
howed a higher catheptic activity and 
the lungs of the older’strain C mice also 
howed a higher catheptic activity for 
some unknown reason, only tissues from 
mice from 3 to 5 months old were taken 
for comparison. The tissues of the mice 
of this age range were also more suit- 
ble controls for the tissues of the mice 
with transplanted neoplasms. 

The mice were killed by cervical dis- 
location and were bled by beheading. 
\fter sections were taken from repre- 
‘ntative, least necrotic areas of the tu- 
ior for histologic examination, the liv- 
ig and necrotic portions of the tumors 

ere separated, where this was possible, 
nd the latter were discarded. The re- 
iaining tissue was weighed, frozen 
mediately with dry ice, and stored in 
freezing chamber. 


Taylor 


METHOD OF HISTOLOGIC OBSERVATIONS 


Sections for 


histologic study 
ken from all tumors on which cathep- 


were 


n determinations were made and from 
any other organs and tissues of the 
mor-beari ing mice. These were fixed 
Zenker-formol and routinely stained 

\ ith hematoxylin and eosin. When the 


slides were examined, any deviation 
from the usual appearance of the organ 
in comparison with normal mice of ‘the 
same strain and age was noted. In ex- 
amining the tumors, an estimation was 
made of the relative amount of necrosis, 
cyst formation, and hemorrhage, in 
comparison with living tumor cells, the 
cellularity of the tumor in comparison 
with stroma, and the relative amount of 
nuclear to cytoplasmic substance in the 
tumor cells. In examining the spleen, 
an attempt was made to estimate the 
degree and nature of extramedullary 
hematopoiesis, and the relative abund- 
ance of small lymphocytes, and to de- 
termine whether or not. the reticulum 
cells of the germinal centers were evi- 
dent. For the liver, the degree of ex- 
tramedullary hematopoiesis and round- 
cell infiltrations were noted. The con- 
dition of the liver-cell cytoplasm, 
whether vacuolated or granular, was 
observed, and an attempt was made to 
determine whether the nucleo-cytoplas- 
mic ratio was in any way unusual. 
Such estimations can give no more than 
a rough idea as to the proportions of 
the various histologic elements of an 
organ, but any extensive variation from 
the usual picture was recorded. 
DETERMINATION OF CATHEPTIC ACTIVITY 
The frozen tissues were ground and 
extracted with eight volumes (per gram 
of tissue) of cold citrate buffer at pH 
3.5. In many cases where the amount 
of tissue was small, it was necessary to 
pool tissues from several mice. The 
emulsions were filtered through fine 
gauze. The proteinase activity was meas- 
ured according to the method of Anson 
(21) by determining the quantity of 
tyrosine liberated in 10 minutes from 
5 cc. of a 2.5-percent solution of hemo- 
globin by the digestion at 38° C. with 1 
ce. of the tissue extract. After the diges- 
tion, the unhydrolyzed hemoglobin was 
precipitated with 10 cc. of 0.8M tri- 
chloracetic acid, an aliquot of the filtrate 
was treated with phenol reagent, and the 
1Since other substances than tyrosine may give 
the characteristic blue color given by tyrosine with 


the phenol reagent, the quantity of tyrosine color- 
producing substance is included in the color value. 
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tyrosine color was measured colori- 
metrically by using a_ standardized 
Aminco electrophotometer. The tyro- 
sine present in the enzyme extract and in 
the hemoglobin solution was determined 
by precipitating the hemoglobin with 
10 ce. of 0.3M trichloracetic acid and 
then adding the 1 cc. of tissue extract 
immediately after preparation, and 
filtering. The amount of tyrosine in this 
filtrate was taken as the zero-hour value 
and was subtracted from the tyrosine 
determined after 10 minutes’ digestion. 
The resulting values were divided by 
the number of milligrams of nitrogen 
found in 1 cc. of the extract, since the 
nitrogen content was found to parallel 
the activity of the enzyme in the extract. 
The nitrogen was determined by the 
direct nesslerization method of Koch 
and MeMeekin (22 

No activators were used in these ex- 
periments since the extracts were made 
at pH 3.5, where oxidation is very 
limited, and gave strong nitroprusside 
reactions for sulfhydryl, and also since 
they were used immediately after warm- 
ing to 38° C, . 


DISCUSSION 
NEOPLASMS 


The tumors used in this study were of 
24 separate types and represented all 
the important groups of tumors ordi- 
narily studied in the mouse, such as 


mammary tumors, leukemias, hepa- 
tomas, melanomas, and various types 
of sarcomas and carcinomas. Many 
of them were described previously, 
and histologic sections were made 
to confirm the gross diagnosis of 
neoplasia. The systemic effects of the 
neoplasia upon the spleens, livers, kid- 
neys, and lungs of the tumor-bearing 
mice were observed histologically and 
were often accompanied by a change 
in the protein metabolism of the organ 
as revealed by an increase in catheptic 
activity. While a few of the sponta- 
neous neoplasms caused considerable 
increase in catheptie activity and his- 
tologic change in the organs, the ef- 
fect of many of the tumors was 
slight. The mean catheptic activity of 


the spleens of mice bearing 12 of the 24 
tumors was above the normal rang: 
of activity. With 11 of the tumors th« 
mean catheptic activity of the livers was 
above the normal range. The mea 
catheptic activity of the lungs was high 
er in 14, and that of the kidney highe: 
in 9 of the 24 tumors. The mean cath 
eptic activity was decreased below thx 
normal range in the spleens with 6 tu 
mors, in the livers with 8 tumors, and 
in the kidneys and lungs with 3 tumors 

The mean catheptic activities of ex 
tracts of the organs of the strain A mic« 
bearing tumors showed less change thai 
did the activities of the organs of th 
tumor-bearing mice of other strains, but 
individual samples of the spleens of the 
A mice bearing spontaneous mammary) 
‘arcinomas had the highest cathepti: 
activities determined. Generalization 
concerning the systemic effects of th 
different tumors upon the organs of th« 
difterent strains of mice were not pos 
sible because only one tumor, Cloudman 
melanoma S91, was transplanted i 
more than one strain. 

There was considerable variation ii 
the catheptic activities of the neoplasm: 
of all the strains. This variation coul: 
be related to the varying amounts of 
necrosis or connective tissue seen his 
tologically. The highly cellular tumor 
usually had the highest catheptic activ 
ities. Since the probable function of 
‘athepsin is the synthesis of new tissu: 
protein, an attempt was made to corre 
late the catheptie activities of the tu 
mors with their growth rates. But 
many of the transplanted as well as th: 
spontaneous tumors, the necrosis devel 
oped along with and could not be sepa 
rated from the living tissue, thus pr‘ 
venting a direct correlation betwee 
catheptie activity and growth. Ther 
was no evident relationship between th 
size of the tumors and catheptic activit) 
but the growing tissue of the spontan 
ous and transplanted spontaneous ti 
mors had an activity ranging from 0.1! 
to 0.20 mg. tyrosine, which approach: 
the ranges of the catheptic activity « 
the most active normal tissue, the th 
mus and spleen of young mice. Most: f 
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the induced tumors showed less activity 
(table 1), but conclusions regarding 
spontaneous and induced tumors cannot 
be made because of the unequal repre- 
sentation of tumor types. 

The transplants of the spontanecus 
and of the induced hepatomas (includ- 
ing a hepatoma induced with carbon 
tetrachloride (23)) had greater cathep- 
tic activities than did the normal liver 
tissue. Similar results were obtained 
with rat hepatoma (24). Although all 
the mouse hepatomas grew slowly, the 
spontaneous neoplasm was better 
adapted to growth in transplant than 
was the induced hepatoma and also 
showed a higher catheptic activity. 
Transplants of the induced squamous- 
cell carcinoma of the forestomach of 
strain A mice had a mean catheptic ac- 
tivity three times that of the fore- 
stomachs of these mice, which might be 
considered the tissue of origin although 
a complete separation from the muscle 
and connective tissue layers was impos- 
sible. Also the induced intestinal adeno- 
carcinoma had a higher activity than 
did the normal intestine which tissue 
showed a wide variation in activity 
probably because a complete separation 
of glandular tissue from underlying 
connective tissue and muscle was not 
possible. 

The spontaneous Grady salivary tu- 
mor and the induced intestinal adeno- 
carcinoma had an architectural simi- 
larity, since both had peripheral shells 
composed almost entirely of viable neo- 
plastic tissue, while the cystic centers 
were made up of necrotic substance and 
tumor-cell secretion. The growing 
shells of tumor tissue had _ relatively 
high catheptic activities. 


MELANOMAS 


The Cloudman melanoma, S91, was 
studied after 60, 78, and 111 days in 
transplant in the C mice and after 54 
ind 88 days in the dba mice. There 
was slight change in the mean cathep- 
ic activity of the tumors in these peri- 
dis. A gradual increase in the cathep- 
i¢ activity of the spleens of the C mice 
was seen. The occurrence of pigment 


in and vacuolation of the liver-cell cyto- 
plasm evidently did not interfere with 
the catheptic activity. The partially 
amelanotic melanoma had catheptic ac- 
tivity equal to that of the heavily pig- 
mented melanoma, a fact which indi- 
cated that the proteolytic enzyme sys- 
tem was not altered under conditions 
where other enzymes systems allow the 
excess melanin formation. Greenstein 
(25) found that while the melanotie 
melanomas, which are distinguished by 
having a tyrosine oxidase, have also a 
dopa oxidase and a cyanide insensitive 
system which exidizes p-phenylenedia- 
mine, the amelanotic melanoma is 
nearly completely lacking in all these 
systems. The amelanotic melanoma 
after growing for 237 days in the albino 
strain C mice was accompanied by only 
moderate extramedullary hematopoiesis 
and a moderate increase in catheptic ac- 
tivity of the spleens of these mice. The 
Harding-Passey melanoma had a wide 
variation in catheptic activity, 0.107- 
0.285, and its effect upon the catheptic 
activity of the organs was seen in the 
lungs and slightly in the liver. 


LEUKEMIAS 


All neoplastic processes involving 
leukocytes are listed under leukemia. 
Of those studied, only the transplants 
of the spontaneous leukemia 1885 grew 
at the site of inoculation. The leu- 
kemic cells characteristic of each type 
of leukemia infiltrated the organs of 
the host, and the catheptic activity of 
the organs varied with the type of leu- 
kemic cell and the degree of infiltration. 
The cells of the induced leukemia 1534 
resembled more closely normal lympho- 
cytes than the cells of the spontaneous 
leukemia 1885, and their infiltration 
caused higher catheptic activities than 
did the infiltration of 1885. There was 
a decided increase in the size of the 
spleens in the spontaneous leukemia of 
the C mouse and in the spontaneous leu- 
kemia of the dba mice which was ac- 
companied by leukemic infiltration and 
replacement, but these spleens showed 
a normal range of catheptic activity. 
This was in contrast with the high 
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catheptic activity which accompanied 
the increase in weight of the spleens of 
the C strain mice with transplanted 
Grady salivary carcinomas (myoepi- 
theliomas). The microscopic examina- 
tion of these spleens revealed extensive 
extramedullary hematopoiesis with 
many myelocytic forms. The Grady 
salivary-tumor transplants also caused 
increased catheptic activity in the liver 
and kidney and a corresponding in- 
crease in extramedullary hematopoiesis. 


SYSTEMIC EFFECTS 


A serious consideration in any com- 
parison of the histology or biochemistry 
of normal versus neoplastic tissue is the 
establishment of a normal base. The 
histologic picture of such actively func- 
tioning organs as the spleen and liver 
showed a wide variation even in normal 
mice of the same inbred strain, and con- 
sequent wide variations might be ex- 
pected in the enzymic determination of 
such tissues. Since every tissue is com- 
posed of more than a single cell type and 
since cells of the same type vary both 
in appearance and chemical composition 
at different stages of development and 
activity, the enzymatic activities can 
be expected to show a wide range. Only 
consistent deviations beyond this nor- 
mal range can be regarded as significant. 

There was considerable variation in 
the catheptic activities of each of the 
normal tissues, but this variation was 
not so great, in general, as the variation 
in the neoplastic tissues and the tissues 
of the mice with neoplasms. Except for 
a slightly lower mean activity for nor- 
mal C mice spleens, the mean activities 
of each tissue of all the species fell with- 
in a common range. The mesenteric 
nodes of the C strain and the lymph 
nodes of the C3H strain had a mean 
catheptic activity equal to the highest 
activities of the spontaneous tumors. 
The high activities of the spleen extracts 
were of interest since the cathepsin sep- 
arated from spleen was the most active 
endocellular proteinase (7). Lymphoid 
tissue and leukocytes have long been 
known to contain proteinase. Since the 
early work of Opie (26) on the relation- 


ship of the proteolytic enzymes of the 
polymorphonuclear leukocytes to in- 
flammatory processes, many investiga 
tors have described proteinase activities 
in these cells. The more recent work of 
Weiss, Kaplan, and Larson (27) and 
Barnes (28) furnished evidence that a 
proteinase acting optimally at pH 3.5 
on hemoglobin, and therefore probably 
vathepsin, was present in extracts of 
polymorphonuclear leukocytes, in mono 
cytes, and in epithelioid cells. 

The active extramedullary hema 
topoiesis of the livers of some of the 
tumor-bearing mice was correlated with 
a high catheptic activity in most cases. 
This is especially true of the spon 
taneous mammary carcinomas of strains 
A and C3H. Since the same type of 
erythrogenic extramedullary hemato 
poiesis is normally present in embryonic 
livers, it was interesting to find that 
these embryonic tissues also have a ¢a- 
theptic activity much greater than that 
of normal adult liver. But in the adult. 
the leukocytic infiltration and extra 
medullary hematopoiesis observed in the 
organs of some of the tumor-bearing 


mice is not specific for malignancy. 


Some extramedullary hematopoiesis 
has been observed in old mice and also 
after acute infections. Since extra 
medullary hematopoiesis is a rare find- 
ing in human pathology, even in cases 
of widespread cancer, it is evident that 
in the mouse this activity is taken ove 
by the liver and spleen much more read 
ily and under less adverse conditions 
In the mouse, the myelopoiesis is prob 
ably stimulated by a general malignant 
process which tends to reduce the blood 
hemoglobin, as shown by Taylor and 
Pollack (29) with transplanted and in 
duced tumors. Such a process might in 
clude an altered porphyrin metabolism 
The latter is suggested by a deficiency 
of the porphyrin-containing catalysts o| 
cell respiration, catalase, and cyto 
chrome ¢. (See Greenstein and associ 
ates (30).) Figge (31) expressed th 
belief that the fact that mice, rats, an 

hamsters are the only animals whic 

have red-fluorescent, porphyrin-secret 

ing harderian glands and are also th 





CATHEPTIC ACTIVITIES 
species most susceptible to induction of 
skin tumors with carcinogenic agents 
supports the hypothesis that excess por- 
yhyrin or a unique porphyrin metab- 
lism is related to susceptibility to can- 
er. Strong and Francis (32) showed 
hat the hemoglobin level of mice of 
igh spontaneous-tumor incidence was 
owered long before neoplasms ap- 
eared, in contrast with cancer-resistant 
trains, 


SUMMARY 


The catheptic activities of the spon- 
aneous neoplasms were higher than 
hose of many transplanted induced 
eoplasms. No correlation was found 
tween tumor size or growth rate and 
he catheptic activity. In all the neo- 
plasms, the activity could be related to 
he amount of necrosis or connective 
issue present. The highest catheptic 


tivities of the tumors approached 
hose of the spleen and lymphoid tissue. 
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The spontaneous and induced hepa- 
tomas both had higher catheptic activ- 
ity than did the normal mouse liver, in- 
dicating that there was an increase in 
the catheptic activity when the normal 
cell became neoplastic. 

Although the systemic effects of the 
neoplasms upon the host organs varied, 
often an increased catheptic activity, ac- 
companied by leukocytic infiltration 
and extramedullary hematopoiesis, was 
found. These effects were especially 
Se in the mice of strains A and 

C3H bearing spontaneous mammary 
carcinomas and in strain C mice bear- 
ing the transplants of the Grady sali- 
vary carcinoma. The effect of the leu- 
kemias depended upon both the type of 
leukemic cells and the degree of infiltra- 
tion of the tissues. The effects of the 
melanomas upon the liver and spleens 
were moderate increases in catheptic ac- 
tivity and not related to the size of the 
neoplasms. 
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DESAMINASES FOR RIBOSENUCLEIC AND 
DESOXYRIBOSENUCLEIC ACIDS? 


By JESSE P. GREENSTELN, principal biochemist, and Howarp W. CHALKLEY, senior psysiologist, 
National Cancer Institute, National Institute of Health, United States Public Health 


Service 


INTRODUCTION 


The observation is reported herein of 
he presence of two separate enzymes, 
\itherto undescribed, which in certain 
inimal tissues possess the capacity of 
lesaminating yeast nucleic acid (ribose- 
wucleic acid) and thymus nucleic acid 
desoxyribosenucleic acid) while the 
cids are in the form of polymerized 
etranucleotides. These enzymes have 
een designated ribonucleodesaminase 
ind desoxyribonucleodesaminase, re- 
pectively. 

The presence in animal tissues of 
lesaminases for nucleotides, nucleo- 


ides, and individual purines has long 


en known (3-8), and indeed the dis- 
overy by Liebig in 1847 of inosinic acid 
the desaminated form of adenylic acid) 
intedated the discovery and _ isolation 
if the nucleic acids by Miescher. It has 
een generally considered that the des- 
mination of the purine components 
curred subsequent to the splitting of 
the nucleic acids into the individual nu- 
leotides by the polynucleotidases (3, 
). However, the optimal action of the 
olynucleotidases is at alkaline or acid 
\H ranges considerably removed from 
he physiologic (9-1/3). At a pH of 
6.8-7.0 the nucleic acids, whether of the 
east or the thymus variety, when di- 
ested with extracts of various animal 
ssues, neither split off inorganic phos- 
hate nor pass through a cellophane 
iembrane (14). Since the limit of cel- 


These studies owe their inception to the neces- 
y of knowing the fate of the nucleates in the 
esence of tissue extracts in connection with an 
tensive program of studies on the effect of 
cleates on dehydrogenase systems (Greenstein and 

Chalkley (1, 2)). <A large part of the experimental 
rk was performed by Florence M. Leuthardt, 
nior biochemist. 


lophane permeability is (for a spher- 
ical molecule) approximately 40 A, 
molecules above a molecular weight of 
about 50.000 would be expected to be 
held back by a cellophane membrane. 
Any changes in the nucleate molecules 
that occur in states not dialyzable 
through cellophane are thus accom- 
plished on molecules which are fairly 
large. We have confirmed the earlier 
finding by one of us (74) that digests 
at neutral pH of tissue extracts with 
either yeast or thymus nucleate neither 
split off phosphate nor dialyze through 
a cellophane membrane, and we have 
now made the new finding that under 
such conditions ammonia is split off 
from the nucleate molecule. Further- 
more, the desamination of the yeast 
nucleate can be sharply distinguished 
from that of the thymus nucleate by 
procedures described herein, which 
strongly indicate that the enzymes re- 
sponsible are different. 


EXPERIMENTAL PROCEDURE 
ANIMAL TISSUES 


More than 200 rats and mice were 
used for the studies establishing the 
presence and properties of the two 
desaminases, and in addition a_ brief 
survey was made of the normal tissues 
of rabbits and guinea pigs. A number 
of transplanted mouse and rat tumors 
were also studied. The animals were 
killed by decapitation or cervical dislo- 
cation, and the tissues were freshly re- 
moved, ground in a mortar with sand, 
and then taken up in measured volumes 
of distilled water. All such extracts, 
with few exceptions, were used within 
a half hour after preparation. 
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ENZYME DETERMINATIONS 


One cubic centimeter of the tissue 
extract was mixed with 1 cc. of a 0.5- 
percent solution of either sodium yeast 
nucleate or sodium thymus nucleate 
(Hammarsten) and the mixture incu- 
bated at 37° C. for designated periods. 
At the end of the incubation period, the 
mixtures were treated with 3 cc, of dis- 
tilled water plus 1 cc. of saturated po- 
tassium carbonate, and the ammonia 
liberated thereby was aerated into sul- 
furic acid traps. The amount of am- 
monia in the traps was determined by 
nesslerization and comparison against 
known standards. The technique and 
precautions to be observed were de- 
scribed previously (15, 16). The nu- 
cleates employed were highly purified 
preducts used earlier for physicochem- 
ical studies (17). Three different ribose- 
nucleate preparations were used, two 
of them derived from yeast and one 
from a pooled lot of mouse tumors. 
Three different desoxyribosenucleate 
preparations were used, two of them de- 
rived from the calf thymus and one 
from a calf liver (78). The samples in 
each class of nucleate yielded concord- 
ant results. 

A few determinations of the desami- 
nation of yeast adenylic acid, of ade- 
nine, of guanine, and of guanosine were 
also made. These materials * were made 
up in aqueous solution in such concen- 
tration as to be equivalent, per cubic 
centimeter, to that amount which would 
be derived from 5 mg. of nucleic acid. 
Solutions of adenylic acid were neu- 
tralized by addition of sodium hy- 
droxide. Solutions of adenine or of 
guanine were made by dissolving the 
purine in hot hydrochloric acid and 
subsequently neutralizing with sodium 
hydroxide. Aliquots of the resulting 
suspension were used after strong shak- 
ing. No difficulty was encountered in 
obtaining a uniform suspension of 
guanosine. 

Replicate determinations of the des- 
amination activity for the same tissue 


? Purchased from Hoffmann-La Roche, Inc., Koche 
Park, Nutley, N. J. 


agreed within 10 percent. For differ- 
ent samples of the same kind of tissu 
the agreement was within 20 percent 
Control runs of the extracts without 
added nucleate and of the nucleat 
in water alone were invariably per 
formed; under no condition did th 
nucleates alone yield ammonia, and in 
all but a few cases the ammonia found 
in the tissue extracts was negligible. 


KINETIC STUDIES OF RAT SPLEEN ANI 
KIDNEY 

Among various tissues studied at 
first, we soon observed that extracts of 
rat spleen or of rat kidney were espe- 
cially active in desaminating the nuclei 
acids. Each of the nucleates, whethe: 
of the yeast or thymus variety, possesses 
three amino groups per tetranucleotid 
unit. These belong to the adenine. 
guanine, and cytosine moieties, respec 
tively (/7). If all three moieties are 
desaminated by the desaminases of the 
tissues, it would be expected that 5 mg. 
of the nucleate would yield close to 
150 X 10° mg. ammonia nitrogen. 

A kinetic study was set up to observe 
the maximum effects upon the nucle- 
ates (up to 7 hours of incubation). The 
mixtures used consisted of 1 cc. of ex- 
tract plus 1 cc. of either yeast or thymus 
sodium nucleate (0.5 percent in water). 
As the curves in figure 1 reveal, close 
to 100 10-* mg. of ammonia nitrogen. 
corresponding to the desamination of 
two amino groups, was produced in the 
case of each nucleate. For each tissu 
the rate of desamination of the yeast 
nucleate was greater than for the thy 
mus nucleate. In any case, however. 
there was a maximum ammonia produc 
tion equivalent to the desamination of 
two amino groups per tetranucleotid: 
unit. Inasmuch as eytidilic acid a: 
well as cytidine is little susceptible t: 
desamination (5), there is reason t 
believe that the ammonia produced ii 
the digests described comes from th 
adenine and guanine moieties of the nu 


cleates. 
pH DETERMINATIONS 


No added buffers were employed i 
the enzyme determinations for two re: 
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‘IGURE 1.—Nucleodesaminase activity of aque- 
ous extracts of rat spleen and of kidney 
(equivalent to 160 mg. tissue per cubic 
centimeter) as a function of time of incuba- 
tion at 37° C. Ordinate, milligrams am- 
monia nitrogen X 10°; abscissa, hours of 
incubation. Value of 100 on ordinate scale 
equivalent to 2 atoms of ammonia nitrogen 
per tetranucleotide unit. 


sons: (1) It was believed that the nat- 
iral buffers of the tissues were suffi- 
ient; and (2) as will be seen subse- 
quently, it was necessary to study the 
effects of individual ions on the activ- 
ty of the respective desaminases. A 
tudy was made of the pH of the digests 
‘f rat spleen and kidney with each of 
he nucleates at the beginning and at 
he end of a 4-hour per riod of incuba- 
ion at 387° C. The pH of each of the 
\ixtures at the beginning was 6.8—7.0 
nd at the end of the incubation period 
vas practically unchanged from these 
alues. 
DIALYSIS STUDIES A 


Mixtures of equal volumes of fresh 
spleen extract (equivalent to 160 mg. 
tissue per cubic centimeter) with 0.5- 
percent solutions of either sodium yeast 
pucleate or sodium thymus nucleate 
were incubated 4 hours at 37° C. At 


the same time, control mixtures of ex- 
tract plus water and of nucleates plus 
water were also incubated. At the end 
of the incubation period, the mixtures 
were placed in a boiling water bath for 
10 minutes, cooled, transferred to cel- 
lophane bags, and dialyzed against a 
large volume of distilled water for 6 
hours.’ At the end of this period of 
dialysis, the outside fluid was treated 
with sulfuric acid and evaporated on 
the hot plate to a low bulk. The resi- 
due was transferred to a combustion 
tube and treated with peroxide until 
with subsequent heating all carbonace- 
ous matter was oxidized. The residue, 
made up to volume, was analyzed for 
phosphorus and nitrogen. Little more 
than a trace of organic nitrogen and 
organic phosphorus above the controls 
was evident in the dialyzate of the di- 
gests of the tissue extracts with either 
of the nucleates. This finding is simi- 
lar to earlier ones. (74), and it must be 
concluded, therefore, that the desami- 
nation of either yeast or thymus nucle- 
ate is accomplished upon molecules with 
particle weights larger than 50,000. 
These dialy sis studies were performed 
on three separate occasions with en- 
tirely concordant results; two different 
samples of yeast nucleate and two of 
thymus nucleate were used. In each of 
the three studies, ammonia determina- 
tions were made simultaneously on sep- 
arate digests in order to ensure that 
enzymatic desamination had actually 
occurred. A control study made with 
adenylic acid revealed that this nucleo- 
tide rapidly and completely dialyzed 
through the cellophane membrane. 
DETERMINATIONS OF INORGANIC 
PHOSPHORUS 


Mixtures of equal volumes of spleen 
and of kidney extract (equivalent to 160 
mg. of tissue per cubic centimeter) with 
0.5-percent solution of sodium yeast nu- 
cleate or sodium thymus nucleate were 


3 In this connection it was observed that whereas 
simple aqueous tissue extracts yield almost imme- 
diately a coagulum of protein on heating at 100° C., 
such extracts mixed previously with sodium thymus 
nucleate yield no coagulum whatever on heating at 
100° for several hours. Yeast nucleate caused a 
similar but much less pronounced effect. 
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incubated at 37° C. for periods up to 7 
hours. At each hour a sample was 
treated with 5 percent trichloracetic 
acid, allowed to stand a brief period, and 
then centrifuged clear. Controls of the 
extract with water and of the nucleates 
with water were similarly treated. The 
supernatant solutions after centrifuga- 
tion were tested for the presence of in- 
organic phosphate. No more than 
traces over the values found in the con- 
trols were observed in the digest mix- 
tures. It is evident that the enzymatic 
desamination, by fresh tissues, of the 
yeast and the thymus nucleates is ac- 
complished on polymerized tetranu- 
cleotides, which are too large to dialyze 
through cellophane and which do not 
lose phosphate during the process of 
desamination. 


STUDIES ON VARIOUS NORMAL TISSUES IN 
DIFFERENT ANIMAL SPECIES 

A survey was made of the enzymatic 
desamination of yeast and of thymus 
nucleate by the tissues of different 
species of animals. 

Spleen is the most active tissue con- 
cerned with the desamination of the 
nucleate, followed generally by kidney, 
liver, nodes, and brain. Muscle tissue 
is ineffective in all species studied. The 
relative order of activity for the various 
species is rat, mouse, guinea pig, rabbit. 
In each case the rate of desamination is 
higher for yeast than for thymus nu- 
cleate. 

In all cases in table 1 (and the other 
tables also), it should be stated that val- 
ues of zero given for enzymatic activ- 
ity do not necessarily mean a complete 
absence of activity but only that the 
amount of ammonia (or phosphate) de- 
termined under the conditions stated 
was too small to measure accurately. 


STUDIES ON PURINES 
Investigations were made of the des- 
amination capacity of the various nor- 
mal tissues for purines and their deriva- 
tives (table 2). The experimental tech- 
nique was the same as for the nucleates. 
It is obvious that none of the tissues 
possess an adenase, but they all possess 


a guanosinase. The active tissues des 
uminate nearly completely each of th 
susceptible substrates within the incu 
bation period studied. Fetal rat live: 
differs from adult liver in lacking 
guanase and in possessing less guan 
osinase activity. 


TABLE 1—Ammonia nitrogen in digests oj 
nucleates with fresh extracts of various 
normal tissues *? 





Ammonia nitrogen in 
digests of 
Tissue 
Sodium Sodium 
yeast thymus 
nucleate nucleate 


Milligrams X Mulligrams 
Rat: 10 10 
Spleen an 06 
Kidney 
Brain 
Liver 
Fetal liver * 
Muscle 
Mouse: 
Spleen 
Kidney 
Lymph nodes 
Brain _- 
Liver 
Lung 
Intestine (small) 
Muscle 
Rabbit: 
Spleen _. 
Kidney 
Brain 
Liver 
Muscle 
Guinea pig: 
Spleen 
Kidney 
Brain 
Liver 
Muscle 





! Mixtures composed of 1 cc. aqueous tissue extract (equiv 
alent to 160 mg. tissue) plus 1 ec. 0.5-percent sodium yeast 
or sodium thymus nucleate. Incubation period, 5 hours at 
37°C. Data corrected where necessary for residual ammoni 
nitrogen in the extract. 

2In most cases the tissues were pooled. Data on mous: 
tissues derived on strain A mice. 

3 From rats 2 to 3 weeks pregnant. 


The fact that there is no adenase pres- 
ent makes it improbable that the effect 
of the tissue extract on the nucleates is 
to split off free purines which are then 


desaminated. Furthermore, the des 
aminases for adenylic acid, guanine. 
and guanosine are active in such tissues 
as liver, which desaminates the intact 
nucleate very slowly, thus indicating 
that the enzymes for the different classe: 
of substrates are entirely different. Thi 
fact is particularly emphasized by th: 
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distribution of such enzymes in muscle 
ind brain (tables 1 and 2). Addition 
of fluoride at 0.01M concentration to 
spleen extracts produces an inhibition 
ot about 50 percent in the capacity to 
desaminate the purines and their de- 
rivatives, but such addition completely 
ibolishes the desamination capacity for 
thymus nucleate. 


TABLE 2 tmmonia nitrogen in digests of 


purines with fresh normal tissue extracts? 





Ammonia nitrogen in digests of 
issue ‘iii 
nylic 
acid 2 


Ade- Gua- Guano- 
nine nine sine 


Milli- | Milli- | Milli- | Milli- 
grams | grams | grams | grams 
Rat X10 X10 x1 X10 

Spleen 50 0 48 50 
Kidney 48 0 40 44 
Brain 0 0 52 50 
Liver 40 0 42 55 
Fetal liver * 50 0 0 30 


Muscle 0 0 0 42° 


Mouse 
Liver 40 0 43 50 
Lymph nodes 52 0 54 48 





Mixtures consisted of 1 ec. aqueous extract (equivalent to 
60 mg. tissue) plus 1 cc. neutralized purine solution or sus- 
ension containing, respectively, 1.24 mg. adenylic acid, 0.45 
ng. adenine, 0.51 mg. guanine, and 1.01 mg. guanosine. 
juanine was dissolved in warm hydrochloric acid, cooled, 
ind neutralized with sodium hydroxide, and the resulting 
uspension employed. Incubation period, 5 hours at 37° C. 
Values of 50X10-' mg. ammonia nitrogen correspond to 
ymplete desamination. 
? From yeast. 
Dialysis of the spleen extract prior to the mixing and 
neubation does not change results given for fresh tissues. 
‘ 2-3-week period of pregnancy. 


\FFECT OF VARIOUS AGENTS ON DESAMINA- 
TION CAPACITY OF SPLEEN EXTRACTS 


Serial dilution of spleen extract with 
distilled water resulted in a more rapid 
falling off of the desamination of 
thymus nucleate than of yeast nucleate 
(table 3). This was the first indication 
that the desaminases for the two kinds 
of nucleate might be different. Another 
ndication came from the fact that addi- 
ion of fluoride or bicarbonate resulted 
n a complete inhibition of the thymus 
iucleate desaminase and only a partial 
nhibition of the yeast nucleate desami- 
nase. On the other hand, an addition 
f potassium cyanide resulted in a 
ereater inhibition of the yeast than of 
the thymus nucleodesaminase (table 3). 
Heating of the extract caused a loss in 

654380—45——_5 


both 


the desamination capacity for 
nucleates. 


TABLE 3.—Ammonia nitrogen in digests of 
nucleate with normal rat tissue extracts 
treated in various ways’** 





Ammonia nitrogen in 


digests of 


Yeast Thymus 
nucleate nucleate 


Milligrams 
x10 
Fresh spleen 96 
Do. 90 
Do. 70 
Heated fresh spleen 5 0 
Fresh spleen + sodium fluo- 
ride 6? 
Fresh spleen + potassium 
cyanide ® 
Fresh spleen + sodium chlo- 
ride ® 
Fresh spleen + potassium 
chloride 6 
Fresh liver 
Fresh liver + magnesium sul- 
fate ¢ 
Fresh spleen + sodium bicar- 
bonate 


Milligrams 
x 10 





Unless otherwise stated, digests consisted of 1 ec. extract 
(equivalent to 160 mg. tissue) plus 1 cc. 0.5 percent sodium 
nucleate. Incubation at 37° C. for 5 hours 

? Similar results with mouse tissues 

$1 cc. water added to proportions given in footnote 1 

43 ec. water added to proportions given in footnote 1. 

5 Heated at 100° C. for 5 minutes 

6 Salts added to 0.01 M concentration 

? Sodium fluoride in 0.01M concentration produces an inhi- 
bition of about 50 percent in the desamination of yeast 
adenylic acid, guanine, and guanosine. 


Addition of sodium chloride, potas- 
sium chloride, or magnesium sulfate to 
the fresh extract produced a definite 
acceleration in the capacity of the ex- 
tract to desaminate thymus nucleate 
(table 3), and this finding suggested 
that the enzyme which desaminated this 
type of nucleate was associated with 
ions and led to the dialysis studies de- 
scribed in the following section. 


DIALYSIS STUDIES B 


Aqueous extracts of rat spleen or rat 
kidney (equivalent to 160 mg. tissue per 
cubic centimeter) were placed in cello- 
phane bags and dialyzed 24 hours 
against large volumes of frequently 
changed distilled water. Such extracts 
still possessed the capacity unchanged 
of desaminating sodium yeast nucleate 
but lost completely the capacity to 
desaminate sodium thymus nucleate 
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(table 4). The nucleate solutions were 
also thoroughly dialyzed against dis- 
tilled water before mixing with the di- 
alyzed extracts. The capacity of such 
dialyzed extracts to desaminate the 
thymus nucleate could be completely re- 
stored by adding to such mixtures any 


TABLE 4.—Ammonia nitrogen in mixtures of 
dialyzed nucleates and dialyzed rat tissue extracts! 





Ammonia nitrogen in digests of 


rissuc Yeast Thy- 
nucle- |mus nu- 
ate cleate 


Thymus nucleate 
and salts 


Milli- Milli- 
grams grams 
<x 10 x 10 Milligrams X10 3 
Fresh spleen 96 82 | 94 (magnesium _ sul- 
fate) 
O4 0 | 92 (lithium chloride). 
0 | 92 (sodium chloride) 
0 | 90 (potassium  chlo- 
ride). 
0 | 94 (rubidium  chlo- 
ride). 
0 | 90 (cesium chloride). 
0 | © (beryllium sulfate). 
0 0 (sodium chloride+ 
beryllium sulfate).‘ 
0 | 95 (magnesium sulfate). 
0 | 94 (calcium chloride). 
0 | 92 (strontium  chlio- 
ride). 
0 | 90 (barium chloride). 
0 | 92 (barium acetate). 
0 | 88 (manganous chlo- 
ride) 
0 | 80 (nickelous chloride). 
0 | 82 (cobaltous nitrate). 
0 | 90 (ferrous sulfate) 
0 | 94 guanidine hydro- 
chloride). 
0 | 94 (guanidine suifate). 
0 | 92 (arginine hydrochlo- 
ride) 
0 | 0 (glycylelycine).5 
0 0 (zine acetate). 
0 0 (cadmium acetate). 
0 0 (ferric chloride). 
0| 0 (aluminum = chio- 
ride) 
0 | 0 (cupric sulfate). 
0 | 0 (stannous chloride). 
0 0 (stannic chloride). 
0| 0 (anthanum chlo- 
ride). 
0 | 0 (bismuth chloride). 
0 0 (cerium chloride) 
0 0 (mercurie chloride). 
0 0 (antimony chloride). 
0 0 (silver nitrate). 
0 0 (lead acetate). 
0 | 0 (sodium fluoride). 
0 | O(potassium cyanide). 


Dialyzed spleen ? 








| Mixtures consist of 1 ec. dialyzed extract (equivalent to 
160 mg. tissue) plus | ce. dialyzed yeast or thymus sodium 
nucleate (0.5 percent Incubation time, 5 hours at 37° C. 
Each salt added to make 0.01M concentration. Similar 
data obtained with extracts of kidney. 

? Previous dialysis of the spleen extract does not affect the 
desamination of adenylic acid, guanine, or guanosine. (See 
table 2.) 

’ Neutralized by boiling with beryllium carbonate. 

‘ Beryllium sulfate with ammonium sulfate gives positive 
Nessler reaction. 

5 Addition of reduced glutathione is also ineffective. 


one of the following ions at 0.01M con 
centration : Lithium, sodium, potassium, 
rubidium, cesium, magnesium, calcium 
strontium, barium, manganous, nickel. 
ous, cobaltous, and ferrous (table 4) 
At 0.001M concentration, the sodiun 
salts are still as activating as at 0.01M 
but the magnesium and calcium salts 
produce somewhat less activity. Below 
0.001M, all the salts are ineffective 
Equally effective as the active metallic 
ions are such organic ions as arginine 
and guanidine (table 4). Beryllium 
however, is not only ineffective in reac 
tivating the desaminase for thymus 
nucleate in the dialyzed spleen extract 
but is actually toxic even when added 
together with a normally activating ion 
such as sodium.‘ The nature of the 
anion of any one of the effective salts is 
apparently unimportant as far as has 
been investigated, except when such 
anion is either fluoride or cyanide. A\- 
though potassium cyanide has only a 
relatively slight effect in inhibiting the 
thymus nucleodesaminase in the fresh 
extract, it is incapable of restoring the 
activity of this enzyme in the dialyzed 
extract. Fluoride, as might be expected, 
inhibits the restorative capacity of 
sodium chloride when both are added to 
the dialyzed extract (table 4). 

A great many salts when added to the 
lialyzed extract failed to restore the 
desamination capacity for the thymus 
nucleate. These were the trivalent 
metal ions and such ions as mercury and 
silver, which might be expected to form 
complexes with the protein (including 
the enzymes of the extract). 

The dialyzed extracts preserved unim- 
paired the ability to desaminate not 
only the yeast nucleate but adenylic 
acid, guanine, and guanosine as well 
(table 2). The desaminases for these 
substances either do not possess an ac 
tive metal, or if they have one, do not 
lose it on dialysis. 

The sharp separation by dialyti 
procedures in the capacity of the tissu 


*The beryllium salts are normally fairly acid 
Solutions of the sulfate were made alkaline to cone 
red by boiling them with beryllium carbonat: 
Samples of different supply houses were used wit 
identical results. 


re 
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‘tracts to desaminate the two types of 
icleate is noteworthy. Dialyzed ez- 
act can still desaminate yeast nucle- 
e but has lost the capacity to desam- 
ate thymus nucleate. The latter ca- 
wcity can be completely restored by 
lding any one of a large number of 
ms, Which may apparently be organic 

: well as metallic but may not have a 

lence of more than 2. The failure of 

‘ryllium to serve in this connection is 

| the more striking. It is likely that 
e normal complement of the thymus 
icleodesaminase is one of the common 
etals, which is readily lost by dialysis 
the tissue, but which bears little spe- 
fic relation to the protein carrier since 
can be substituted for by so many dif- 

‘rent ions. The fact that the thymus 
nucleodesaminase is inhibited in fresh 
extracts by fluoride makes it probable 
that magnesium is the normal metal 
connected with the enzyme. 

Although the nucleates were em- 
ployed as the sodium salts, the con- 
centration of sodium present, about 
2*10-° M, was well below the mini- 
mum level needed for activation of the 
thymus nucleodesaminase in the dia- 
lyzed extract. 

It is necessary to dialyze thoroughly 
against distilled water not only the tissue 
extracts but also the nucleate solutions. 

lhe nucleates are prepared in the pres- 
ence of salt, and despite precautions, a 

‘tain amount of electrolyte may be 
inhomogeneously mixed with the nu- 
cleates. The presence of the salt may 
on occasion yield puzzling results when 

salt-containing preparation of thy- 

ius nucleate is mixed with a dialyzed 
extract, the impurity at high enough 
vel producing an activation of the 
( esaminase. 
STUDIES ON THE 


EFFECT OF ANIONS 


The data in table 4 relate chiefly to 


the effect of various cations. In order 
» observe the specific effect of various 
nions, extracts of dialyzed rat spleen 
eated with different sodium salts at 
juivalent concentration were incu- 
ated with dialyzed solutions of sodium 
1ymonucleate. A mixture of 1 cc. of 


tissue extract (160 mg. tissue) plus 
ce. of 0.5 percent dialyzed sodium thy- 
monucleate was used: it was incubated 
at 37° C. for 4 hours. The data are 
given in the following tabulation : 


KN ffect of anions on restoration of desoruribo- 
nuclecdesaminase activity in dialyzed rat- 
spleen extracts 

immonia nitrogen 
Salt: wailioaae 10 
No salt 0 
Sodium chloride —- 90 
Sodium bromide 92 
Sodium iodide 
Sodium fluoride 0 
Sodium chloride+sodium fluoride 0 
Sodium bicarbonate 0 
Sodium chloride+sodium bicarbonate 
Sodium nitrate 
Sodium sulfate 
Sodium citrate 
Sodium succinate 
Sodium glutamate 
Sodium acetate 
Sodium azide 
Sodium nitroprusside 
Sodium phosphate (sec.) 
Sodium cyanide 


? Final concentration, 0.01 M of each salt 


Sodium fluoride and sodium biecar- 
bonate fail to restore the desamination 
capacity of the dialyzed extract, while 
sodium phosphate restores the activity 
only in part. In mixtures of chloride 
with either fluoride or bicarbonate, the 
apparently toxic action of the last two 
ions predominates over the otherwise 
activating effect of the chloride. Table 
3 shows that either fluoride bicar- 
bonate added to fresh spleen extract at 
0.01M concentration inhibits the desami- 
nase for thymus nucleate. 


DIALYSIS STUDIES C 


Digests of fresh tissue extracts with 
veast and with thymus nucleates do not 
lead to dialyzable products. (See Di- 
alysis Studies A.) A new series of stud- 
les was attempted, therefore, in order 
to see whether previous dialysis of the 
extract, followed by digestion with the 
nucleates, then subsequent dialysis, 
vields the same or different results. 
Rat-spleen extract was dialyzed thor- 
oughly against distilled water and then 
mixed with dialyzed 0.5 percent yeast 
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or thymus nucleate as before. Custom- 
ary controls were also employed. The 
mixtures were incubated 4 hours at 37‘ 
C., at the end of which time the yeast 
nucleate was desaminated as usual to 
the extent of two atoms of ammonia ni- 
trogen per tetranucleotide unit, and the 
thymus nucleate was not desaminated at 
all. The mixtures were heated at 100°, 
cooled, transferred to cellophane bags, 
and dialyzed for 6 hours against dis- 
tilled water. As in the case of the fresh 
extracts, the thymus nucleate yielded no 
dialyzable products, but this time the 
yeast nucleate yielded dialyzable mate- 
rial equivalent to one atom of organic 
phosphorus. The effect of previous di- 
alysis of the tissue extract is thus as 
strikingly revealed by splitting organic 
phosphate from the yeast nue leate as it 
is by causing a loss in desamination ca- 
pacity for the thymus nucleate. The 
nature of the phosphate group split 
from the yeast nucleate by dialyzed 
tissue extract is not yet known, but it 
is not inorganic phosphate. The ex- 
periments were performed three times, 
with identical results. 


THYMONUCLEODEPOLYMERASE 
It was established (75) that there is 


an enzyme in tissues which catalytically 


TABLE 5. 


effects a reduction in the extreme asyn 
metric shape of sodium thymus nucleat: 
It might be expected that this enzym 
would bear some relation to the thymu 
nucleodesaminase. It was observed tha 
by the usual viscosimetric procedure 
complete dialysis of rat-spleen extra: 
causes a marked lowering in the activit 
of the depolymerase as compared wit 
that of the fresh extract, and that thi 
inactivation can be at least partly re 
versed by the addition of magnesiun 
salts to the dialyzed extract. The de 
polymerase, however, is distinct fron 
the desaminase ; for the former is activ 
in mouse or rat liver, whereas the latte 
is extremely weak in this tissue. 


YEAST 


In an attempt to see whether plant 
may possess the nucleodesaminases, pre 
liminary studies of yeast extracts in 
cubated with yeast and with thymu: 
nucleate were made. The results wer 
negative. 


TUMOR TISSUES 


Results on the various tumors studied. 


together with comparisons of certair 
normal tissues, are given in table 5. hh 
all the tissues described, active desami 
nases for adenylic acid, guanine, and 


Ammonia nitrogen in digests of normal ani tumor tissue extracts with nucleates or wit! 


purines ' 





Tissue 
Yeast 
nucleate 


Normal A mouse liver 
Hepatoma 587 in A mice 50 
Normal C3H mouse liver 12 
Hepatoma 98/15 in C3H mice 50 
Hepatoma E in C3H mice 42 
Fetal rat liver 32 
Normal rat liver ? 20 
Hepatoma 31 in rats 58 
Normal mouse lymph nodes 60 
Lymphoma 1885 in mice 

CR180 in dba mice 

Normal A mouse lung 

Lung tumor F in A mice 

Normal A mouse intestine * __ 

Intestinal adenocarcinoma in A mice 

Jensen rat sarcoma 


Mg. X 103) Mg. K 103| Mg. x 103 
16 


Ammonia nitrogen in digests of— 


Thymus Adenylic ; + ; . 
-~ “ . Ade , ( » Gus sine 
mslente acid Adenine tuanine tuanosin 


Mg. X 103 | Mg. X 103| Mg. x 10 
0 43 i 


40 


_ 


-ronn 


45 0 48 4 
45 0 50 5 


+ 


0 0 
0 42 
0 50 
0 5 

0 55 


wruccohRhEax 





! Mixtures consist of 1 cc. aqu eous extract (equivale r; to 160 mg. tissue) plus either 1 cc. 0.5 percent nucleate or 1 « 


purine at concentrations given in table 2 
? Regenerating liver (48 hrs.) gave “identical results. 
3 Entire small intestine used. 


Incubation, 37 . for 5 


hours. All tumors were transplants. 


48 0 45 4s 


shor 
of ¢ 
clea 
sira 
salt 
whi 
wit] 
sues 
mus 
the 
quil 
mig 
thes 
wou 
cien 
to 0. 
tissi 
ult 
lea 
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llanosine were present, but adenase was 
bsent. Comparison of the properties 
f liver with hepatoma indicate that al- 
hough the activity on the purines was 
milar for both tissues, the desamina- 
on capacity for the nucleates was con- 
derably higher in the hepatomas than 
, the livers. On the other hand, the 
‘tivity of all the desaminases in the 
mphoma was the same as that of the 
,ormal lymph nodes, and the nucleo- 
desaminases of the lung and intestine 
were nearly as active as those of the lung 
tumor and intestinal adenocarcinoma, 
respectively. The hepatomas, it would 
appear, fall into a somewhat different 
category from the other tumors, for the 
activity of the nucleodesaminases in 
the former was considerably higher than 
in the latter. Nevertheless, the range 
in activity among all the tumors studied 
was narrower than that among all the 
normal tissues studied. 


EFFECT OF ADDED SALT TO TISSUE 
EXTRACTS WITH ZERO ACTIVITY 
In view of the fact that extracts of rat 
spleen with added salt frequently 
showed a slight acceleration in the rate 
of desaminase activity for thymus nu- 
cleate (tables 3-4), it was considered de- 
sirable to investigate the effect of added 
salt on certain of the tissue extracts 
which gave zero values when incubated 
with thymus nucleate, i. e., rabbit tis- 
sues, guinea-pig kidney, brain, and 
muscle, Jensen rat sarcoma, etc. Since 
the desaminase for thymus nucleate re- 
quires the presence of salt (table 4), it 
might be possible that the failure of 
ese tissues to affect this substrate 
vould be due to the presence of insuffi- 
ent salt. Addition of sodium chloride 
0 0.01M concentration to extracts of the 
ssues mentioned yielded negative re- 
ilts after incubation with thymus nu- 
eate. The failure of such tissues to 
lesaminate thymus nucleate is thus ow- 
g to lack of the enzyme and not to the 
esence of insufficient effective salt. 


DISCUSSION 


The experiments here reported sug- 
‘st a change in concept of the rela- 


tion of the nucleic acids to the chemis- 
try of the cell. As long as the concept 
(2, 19) of the necessity for a rigid, step- 
wise degradation of the acids was held, 
it was difficult, if not impossible, to con- 
ceive of any role other than architec- 
tural for these acids in the cell economy. 
Now it appears probable that the acids 
as such, and not merely their simpler 
components, actively participate in in- 
tracytoplasmic or intranuclear metab- 
olism. That this can occur is strongly 
suggested in the effects that these acids 
have been shown to exert on tissue de- 
hydrogenase in vitro (/). 

The demonstration that there is an 
attack on the amino groups in situ in 
the intact acids is significant. With re- 
spect to the state of the acids, it can be 
pointed out that there is evidence that 
they are attacked not merely as tetranu- 
cleotides but also as strongly polymer- 
ized forms. The highly polymerized 
acids show great asymmetry. Still the 
low degree of structural viscosity found 
after digestion with the tissue extracts 
may be taken to indicate that the acid 
molecules held back by the membrane in 
dialysis under our experimental cond:- 
tions were not very asymmetric. There- 
fore, they must have been of high mo- 
lecular volume, almost certainly in ex- 
cess of that of the single tetranucleotide. 
The determination of that volume with 
certainty calls for further research. 
The mononucleotides, as shown, pass 
the membrane with ease. 

The desamination of the tetranucleo- 
tide makes possible and probable the 
metabolization of the desaminated 
groups without degradation of the tet- 
ranucleotide skeleton, so that transfor- 
mation of these groups by oxidation 
even to the state of uric acid must be 
considered as possible in situ. This con- 
cept suggests that the nucleic acids while 
existing as polymerized complexes may 
undergo chemical change without loss 
of their structural integrity. We must 
conceive of not two but certainly four 
and possibly a whole family of nucleic 
acids as resulting from a process of what 
one might call piecemeal metabolisin 
with simultaneous transformation, as 
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contrasted with the classic concept of 
total metabolism and resynthesis of the 
acids from the individual components. 

Further, there is the fact that a dis- 
tinct difference was shown between the 
enzyme acting on the two acids (ribose 
and desoxyribose types) in that the 
desoxyribonucleodesaminase — required 
an activator while none seemed neces- 
sary for the action of the ribonucleo- 
desaminase. There are several reported 
instances where a metal is needed as 
activator for certain enzymes. It is be- 
lieved, however, that the relatively wide 
range of metal and organic ions that 
can act as activators for the desoxy- 
ribonucleodesaminase is exceptional.’ 
The reasons for this relatively nonspe- 
cific requirement are a subject for fur- 
ther research. It would appear at first 
glance that the degree of ionization of 
the activating salt is a major factor. 
The negative behavior of beryllium 
salts may be explicable on this assump- 
tion since Sidgwick (20, p. 263) holds 
that beryllium occupies a marginal posi- 
tion, being on the limit of ionization 
and possessing a nonionized lattice in 
the fused state as beryllium oxide. The 
fact that certain organic cations are 
effective suggests a possible link be- 
tween protein and nucleic acid me- 
tabolism. 

A comparison of the relative effects 
of cations and anions on desoxyri- 
bonucleodesaminase activity shows that, 
while cations both activate and inac- 
tivate (sodium and beryllium), all an- 
ions studied were either inactivating 
(fluoride, bicarbonate, phosphate) or 
inert (chloride). It is remarkable that 
sodium, potassium, calcium, magnesium, 
and ferrous iron are associated with the 
activity of the enzyme, whereas bicar- 
bonate and phosphate inhibit, while 
chloride is inert. Since this whole group 
of ions is of such widespread biologic 
occurrence, we are tempted to suggest 
that the activity of the desoxyribonu- 
cleodesaminase in the nucleus may be 
closely correlated with the relative con- 

5’ This phenomenon suggests that similar observa- 
tions may have been missed in many other 


enzymatic researches through the very common 
practice of adding electrolyte buffers. 


centration of the ions, i. e., that fluct: 
ations in the local relative concentr:; 
tions may control this activity. A, 
pointed out later, there is evidence th: 
the ionic concentration in the nuclew: 
is low, so that a shift in absolute co 
centration for any one ion might hav» 
a large effect. 

That there is a very distinct diffe) - 
ence between the ribonucleodesamina: » 
and the desoxyribonucleodesamina: » 
is suggestive, as possibly connected wit \ 
the limitation of the desoxy acid to the 
nucleus. Macallum (2/7) asserted that 
the nucleus contained no metals in ino:- 
ganic combinations and no sodium an | 
potassium. Certainly more modern 
work by Policard (22) and Scott (2) 
disclosed no definite trace of the two 
metals named by Macallum. These 
authors did show that iron is missing 
in some nuclei and generally occurs 
only in traces and that phosphates ani 
calcium make up the major part of the 
ash. They also showed that there is 
practically no trace of inorganic salts 
in the nuclear sap. All the ash is in- 
timately associated with the chromatin. 


Macallum suggested that this nuclear 
paucity of metals may contribute to the 


stability of the nuclear components. 
The need for activation of the desoxy- 
ribonucleodesaminase appears in line 
with such ideas, as does also the slow 
rate of turn-over of desoxyribosenucleic 
acid found by Brues, Tracy, and Cohn 
(24). 

Another point seems worth noting. 
In the mouse and rat, nucleodesaminase 
activity in hepatoma tissue is very muc! 
higher than in normal liver. This di 
ference may indicate a very mu 
higher rate of turn-over for the nucle 
acids in the tumor than in the norm: 
tissue. This finding is in line with th: 
of Brues, Tracy, and Cohn (24). Th 
difference, however, does not appear 
a comparison of mouse lung and lung 
tumor, but these two tissues are n 
closely comparable in cell architectu 
The tumor is derived from the epith 
lial cells of the alveoli, which tissue 
but a small part of the total norm.| 
lung tissue. 
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SUMMARY 


The presence of two distinct enzymes, 
one of which causes the desamination 
f ribosenucleic acid and the other that 
of desoxyribosenucleic acid, was estab- 
lished in various animal tissues. Each 
enzyme produces the splitting of a max- 
mum of two atoms of ammonia nitrogen 
per tetranucleotide unit from each of 
the two types of nucleic acid. The des- 
ignations given these enzymes are ribo- 
nucleodesaminase and desoxyribonu- 
‘leodesaminase, respectively. Their 
listribution in animal tissues is gener- 
illy in the following descending order: 
spleen, kidney, nodes, brain, liver. 
Muscle contains neither enzyme. 

These desaminases act upon the nu- 
cleic acids in molecular states not di- 
alyzable through cellophane. This was 
shown by the failure of more than traces 
of the acids to dialyze through such 


membranes after incubation with ac- > 


tive tissue extracts (spleen - 

The desaminase for ribosenucleic acid 
was distinguished from that for desoxy- 
ribosenucleic acid by the failure of com- 
pletely dialyzed tissue extracts to des- 


aminate dialyzed solutions of the des- 
oxyribosenucleate, while retaining un- 
impaired the ability to desaminate the 


ribosenucleate. The capacity of such 
dialyzed tissue extracts to desaminate 
the desoxyribosenucleate could be en- 
tirely restored by adding any one of a 
number of monovalent or divalent ca- 


tions, as well as such organic ions as 
guanidine and arginine. Only when the 
anion was fluoride, cyanide, phosphate, 
or bicarbonate was its nature impor- 
tant; salts with these anions did not re- 
store the activity of desoxyribonucleo- 
desaminase. Salts of beryllium were 
exceptional among the alkaline earth 
metals not only for not restoring the 
enzymatic activity to the dialyzed ex- 
tracts but also in inhibiting the activity 
when added with an activating metal. 

The two desaminases were further 
distinguished by the sensitivity (inhi- 
bition) of the desoxyribonucleodes- 
aminase toward fluoride and bicarbo- 
nate, by the relative lack of sensitivity 
toward these anions of the ribonucleo- 
desaminase, and by the more rapid fall- 
ing off in activity by dilution of the 
former enzyme as contrasted with the 
latter. Both enzymes were destroyed 
by heating at 100° for 5 minutes. 

The activity of the two enzymes in 
extracts of transplanted hepatomas was 
considerably higher than in comparable 
extracts of normal liver. 

The desamination of nucleic acid split 
products such as adenylic acid, guanine, 
guanosine, and adenine was studied. 
The distribution of the desaminases for 
these substrates in the various tissues 
was different from that of the nucleo- 
desaminases. 

The implications of the presence of 
the two types of desaminases for the 
nucleic acids are discussed. 
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INTRODUCTION 


Recently, in vivo techniques have 
een deve loped which make it possible 
o make microscopic observations of 
he development of the blood supply of 
umor transplants in the mouse. It has 
lso been possible to obtain a quantita- 
ive expression of the morphologic 
hanges as they occur over a prolonged 
riod. The work reported here is part 

of an extensive study of the host vascu- 
lar reaction in relation to tumor growth 
ind to carcinogenesis. For purposes 
of comparison, observations have also 
been made on the vascular reaction to 


traumatic injury and to transplants of 
normal tissues. 


MATERIALS AND METHODS 


All mice used in these experiments 
were males 3 to 6 months old. The 
methods employed in the present study 
vere described previously (7,2) but are 
summarized here. The in vivo method 
nvolves the introduction of a transpar- 
ent chamber into a skin flap in the 
mouse, This provides a layer of tissue, 
s shown in figure 1, 4, which is acces- 
ible to microscopic observation. It 
hould be emphasized that the tissues as 
een within the transparent chamber are 
eversed in their usual relationships; 
he layers, from the upper to lower sur- 
ices as one focuses downward, are the 
iperficial fascia and peripheral nerve 
trunks, the panniculus carnosus muscle 
iyer, and the subcutaneous connective 
nd adipose tissues containing the hair 
llicles, each layer having its associ- 
ted vascular supply. The epithelium 


forms the lower surface and is not vis- 
ible under these conditions. 

At the time of operation, tissue trans- 
plants or surgical wounds are made at 
the site prepared for the chamber. Mi- 
croscopic study of the vascular reaction 
of the host is then carried on daily, with 
photographie records, as well as with 
quantit: itive measurements of vascular 
levels in both the wound site or implant 
and the surrounding normal subcutane- 
ous tissue layer. The vascular level is 
considered as the percentage of the vol- 
ume measured that consists of func- 
tional vessels. The value for the vas- 
cular level is obtained by a method of 
sampling based on geometric yrobabil- 
ity and is done by repeated viel se pres- 
entation of a point pattern to the struc- 
tures measured and counting the visual 
contacts (hits) observed on the strue- 
tures of interest. The percentage of all 
possible hits that fall on vessels is taken 
as the measure of the vascular level in 
the tissue examined. Each point on the 
curves which follow represents a value 
for the vascular level obtained by such 
measurement of 100 microscopic fields. 

Three series of experiments were 
made. In the first, the vascular reac- 
tion to traumatic injury was studied in 
strain C mice. In the second, the vascu- 
lar response to homologous transplants 
of normal subcutaneous connective and 
adipose tissues from strain C3H mice 
and of liver from adult strain C mice 
was studied. In the third series, a 
study was made of the vascular de- 
velopment of transplanted tumors. Sub- 
inoculations were made into strain C3H 


"9 
10 
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Figure 1.—A, Subcutaneous tissue within a transparent chamber in the mouse, showing t! 
wound site (arrow), surrounded by the normal subcutaneous tissue and vascular suppl) 
10; B, Wound area on the ‘day following operation. X 35. 
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Figure 2.—A, Vascular repair in same wound as shown in figure 1, B, after 6 days, showing 
capillary proliferation. > 35; B, Vascular supply in wound area on the ninth dav,’ with 
the vascular level in the wound equivalent to that in the surrounding tissues. ™ 35. 
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mice from spontaneous mammary-gland 
earcinomas Which arose in this strain. 
Transplants were also made of mam- 
mary-gland carcinomas originating in 
strain C3H mice, which had been car- 
ried through several generations of sub- 
inoculations. Transplants of sarcoma 
37 carried in strain dba mice were made 
into the same strain. This tumor, 
although frequently used in cancer re- 
search because of its extremely rapid 
growth, has a rather uncertain history, 
having apparently been derived from a 
transplantable mammary-gland adeno- 
carcinoma following repeated subinoc- 
ulation (3). It is not clear whether the 
present sarcoma cell is really an an- 
aplastic epithelial cell or whether it is a 
secondary malignancy arising from 
stroma of the original adenocarcinoma. 
RESULTS 
REGROWTH OF VASCULAR TISSUE IN WOUND 
HEALING 

In vivo microscopic studies of wound 
healing were carried out in approxi- 
mately 100 strain C mice. The descrip- 
tion which follows is based on observa- 
tions of vascular repair in aseptic sur- 
gical wounds. At the time the chamber 
was inserted and after the field was ex- 
posed, a wound was made by excision of 
a layer of tissue approximately 3 mm. 
in diameter (fig. 1, A) involving the 
layer of striated muscle (panniculus 
carnosus), subeutaneous connective 
tissue, and fat layer with their associ- 
ated blood vessels. Figure 1, B, shows 
the wound area in a typical case on the 
day after operation. The traumatic in- 
jury resulted in death of some cells and 
injury to others, and it was followed by 
exudation of fluid and accumulation of 
leukocytes and extravasated erythro- 
cytes. The accumulation of this inflam- 
matory exudate was accompanied by 
dilation of adjacent vessels. During 
the interval between the second and 
fifth days, there was a gradual recovery 
of injured vessels and establishment of 
collateral circulation. Proliferation of 
new capillaries, however, was not seen 
until the fifth or sixth day. This stage 
is shown in figure 2, A. Between the 


sixth and ninth days there was rapid 
growth of new capillaries, and by the 
ninth day (fig. 2, B) the wound area 
was well-filled with new vessels. The 
fluid and leukocytes had disappeared, 
and the wound had “healed.” Disap- 
pearance of some of the new capillaries 
and differentiation of others into 
arterioles and venules became evident 
at this time. 

A quantitative expression of the mor- 
phologic changes in wound repair is 
shown in figure 3, representing an aver- 
age based on daily measurements of 
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Figure 3.—Vascular repair in wound healing. 
The dotted line represents connective tissue ; 
the upper curve for wound area represents 
total vascular tissue; and the lower curve, 
functional vessels in the area. 


six mice. On the first day, 4 percent 
of the area was vascular tissue, of 
which 2 percent consisted of functional 
vessels. Days 0 to 6 include the period 


of gradual recovery of injured vessels, 
establishment of collateral circulation, 
hypertrophy of some vessels, and dila- 
tion of others. Days 6 to 9 cover the 
phase of rapid proliferation of new 
capillaries, leading to healing on the 
ninth day, as indicated by the intersec- 
tion of the two curves (connective- 
tissue vascular level and wound vascu- 
lar level). The figure shows that after 
the intersection of these curves, the vas- 
cular level in the wound area rose from 
practically 0 to that of the connective 
tissue. It was observed at this time 
that some of the new capillaries had ac- 
quired a definitely thickened wall. This 
observation, along with histologic ex- 
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amination and their reaction to adren- 
alin, indicated that these vessels had 
differentiated into arterioles and ven- 
ules. In animals carried longer than 
the period of 12 days covered in figure 
3, the wound vascular level remained at 
or slightly below the connective-tissue 
level. 


VASCULAR REACTION TO TRANSPLANTS OF 
NORMAL TISSUES 


Transplants were made of subcutane- 
us connective and adipose tissue from 
the inguinal region of C3H mice. The 
tissue fragment was introduced beneath 
1 nerve trunk, which served to main- 
tain the cell clump firmly in contact 
with the underlying muscle layer. The 
implant on the first day after operation 
ippeared to consist largely of fat cells. 
Chere was dilation of surrounding capil- 
laries during the next few days, with 
the accumulation of a slight amount of 
fluid and leukocytes. As with wounds, 
new capillary proliferation was not 
seen until the sixth day. At this time 
also, in addition to some slight dila- 
tion of adjacent vessels, there was con- 
siderable degeneration of fat cells in 
the implant. Between the sixth and 
ninth days the vascular level reached 
or in some cases slightly exceeded the 
level in the tissues surrounding the im- 
plant. This level subsided during the 
next few days and stabilized at the con- 
nective-tissue level. Figure 4, based on 
an average of seven animals, illustrates 
the vascular reaction to such subcutane- 
ous tissue, which includes fibroblasts 
ind fat cells. 





IMPLANT 
CONNECTIVE TISSUE 





Days 


‘IGuRE 4.—Vascular reaction to transplants 
of subcutaneous connective tissue. 


The vascular reaction to homologous 
transplants of liver was studied in 20 
mice. New capillary sprouts appeared 
as early as the fourth or fifth day. The 
typical vascular reaction to implants of 
adult liver is shown in figure 5. Figure 
5, A, taken on the ninth day after 
transplantation, shows a vigorous de- 
velopment of new capillaries, with a 
vascular level of 44 percent of the total, 
and in the surrounding tissues, of 24 
percent. After reaching a peak of 48 
percent on the eleventh day, the vascu- 
lar level in the implant area subsided 
to that of the connective tissue. This 
stage is shown in figure 5, B, taken on 
the sixteenth day. Many of the newly 
formed capillaries had disappeared; 
others had differentiated into venules 
and arterioles. 

Figure 6 illustrates the vascular levels 
in the surrounding connective tissue, 
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DAYS 
FicurRe 6.—Vascular reaction to implant of 
homologous liver tissue. 


the proliferative phase of capillary 
growth that began on the fifth day and 
reached a peak on the eleventh, and the 
gradual subsidence of the vascular re- 
action which was associated with the 
phase of differentiation of capillaries 
into venules and arterioles. 


TRANSPLANTED MAMMARY-GLAND 
CARCINOMAS 


The vascular reaction to transplanted 
mammary-gland carcinomas has been 
studied so far in about 10 mice. The 
vascular supply developed typically in 
the following manner: On the first day 
after operation, the tumor implant ap- 
peared as a slightly opaque area (fig. 
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Figure 5.—A, Vascular reaction to implant of homologous liver tissue, showing capillar) 
proliferation 9 days after implantation (arrow). X 25; B, Same field, illustrating subsidenc 
of the reaction. Note the few remaining vessels in implant site (arrow); vascular level i! 
implant is approximately equivalent to that in surrounding tissues. 25. 
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IGURE}7.—A, Implant of mammary-gland carcinoma on first day after operation. Tumor mass 
appears as an opaque area at center (arrow), surrounded by normal vascular bed. ™ 25: 
B, Mammary-gland carcinoma fifth day after implantation, showing initial vascularization. 


Vascular level of tumor, 28 percent; of connective tissue, 27 percent. 25. 
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7, A), around which there was a slight 
accumulation of fluid and leukocytes. 
New capillary sprouts first appeared as 
early asthe third day. By the fifth day 
(fig. 7, 2), the cell clump was found 
to be surrounded by an area of widely 
dilated capillaries, and new capillary 
sprouts were seen beneath, at the pe- 
riphery of the implant, and from the 
vessels of the overlying nerve trunk. 
Growth of the tumor became evident 
with the accomplishment of this initial 
vascularization. The vascular level in 
the tumor on the fifth day approximated 
that of the surrounding connective tis- 
tue. Capillary proliferation proceeded 
rapidly during the next few days so 
that by the seventh day the vascular 
level within the tumor was approxi- 
mately double that of the surrounding 
connective tissue. 

This stage is shown in figure 8, A. 
The area occupied by the tumor is indi- 
cated by the greater light transmission 
as compared with the surrounding tis- 
sues. New capillary sprouts were found 
arising from muscle capillaries around 
the implant and even from vessels in 
a nerve trunk at some distance from 
the tumor. Figure 8, B, shows the rich 
blood supply, with an artery supplying 
the tumor and with enormous marginal 
vessels draining it. Of the entire 
tumor vascular bed, only this had been 
present as a preformed vessel. The 
newly formed sinusoidlike plexus of 
tumor vessels retained their capillary 
structure, and there was no evidence 
of differentiation into arterioles or 
venules. 

The quantitative measurements on 
this mammary-gland tumor are shown 
in figure 9. The connective-tissue vas- 


cular level remained fairly constant at 


about 25 percent of the total tissue 


FiGuRE 8. 
of initial vascularization. 
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FictrE 9.—Vascular development in a mam 
mary-gland Carcinoma. 


volume. The tumor vascular bed when 
first counted on the fifth day was found 
to be approximately the same as that 
of the connective tissue. Two days 
later, it had reached a level of 50 per 
cent of the total tumor volume. The 
vascular bed stabilized at this high 
level, twice that of the surrounding 
normal connective tissue, and remained 
almost constant at this high level dur- 
ing the period of observation. The 
growth rate of the tumor was rapid 
and constant until the twelfth ie. 
which was 4 days after the attainment 
of a stable vascular level. The de- 
velopment of a leukocytic ring around 
the tumor was noted on the twelfth 
day, and from this point on growth 
continued at a slower but constant rate. 

Insofar as in_ vivo observations 
showed, all vessels of the tumor, with 
the exception of the main artery, which 
became surrounded by the growing tu- 
mor, had walls consisting of a single 
layer of endothelium. The vessels mak 
ing up the vascular bed of the tumor. 
with the exception of the enveloped ar 
teries, while they appeared to be capil 
lary in structure, were by no means cap 
illary in size. For instance, their aver 


-A, Mammary-gland carcinoma seventh day after implantation, showing completio: 
Compare with figure 7. 


Note dilation of surrounding capillaries 


proliferaticn of new vessels at and about the edge of tumor, also from vessels of overlying 


nerve trunk, and from vessels of nerve trunk to right of tumor. 
48 percent; of connective tissue, 24 percent. 


Vascular level of tumor 
< 25; B, Fully developed vascular bed of th« 


mouse mammary carcinoma on the seventeenth day, showing irregular pattern, and variatior 


in size of vessels. 


Compare with preceding figures. 
vessels, enveloped artery (A), and blood-filled cul-de-sacs (arrows). 
55 percent; of connective tissue, 26 percent. 


Note particularly the huge margina 
Vascular level of tumor 
xX 25. 





VASCULAR REACTIONS OF NORMAL AND MALIGNANT TISSUES IN VIVO. I 


= <q 
= a a sa 
+ 


—— 
"4 de x <>. 





JOURNAL OF THE NATIONAL CANCER INSTITUTE 


= bad 


FicuRE 10. 


age diameter greatly exceeded that of 
the capillaries in normal muscle tissue 
of the panniculus carnosus layer and re- 
sembled closely the dilated capillaries 
seen in this tissue following traumatic 
injury or as a reaction to the presence 
of a foreign body. 

A feature of mammary tumors, not 
seen in sarcomas, was the development 
of blood-filled cul-de-sacs (fig. 8, B). 
These appeared to result from occlusion 
of the tumor capillaries by pressure of 
the growing cells. While none were ac- 
tually seen to rupture during the period 
of observation, it is possible that these 
cul-de-sacs give rise to the blood-filled 
cysts characteristic of mammary tumors, 
as seen in histologic section. 


TRANSPLANTED SARCOMA 37 

The vascular development of sarcoma 
37, a rapidly growing tumor, was sim- 
ilar to that of the mammary tumor. 
New capillaries appeared on the third 


Vascular bed of sarcoma 37, 13 days after transplanation. 


day, as in the case of the mammary 
gland carcinoma, rapidly attained a vas 
cular level double that of the connectiv: 


tissue, and then stabilized. Figure 1 
shows the tumor on the thirteenth day. 
with continued vascular proliferatior 
around the periphery. The measure 
ments on this tumor are shown in figure 
11. Growth continued at a constant 
rate. 
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Figure 11.—Vascular development in sa 
coma 37. 
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DISCUSSION 
Early workers in experimental cancer 
esearch (j-/) were confronted with the 
problem of whether transplanted can- 
er cells grow and reproduce themselves 
w whether they bring about a trans- 
‘ormation of the host cells into cancer 
ells. By the method of study of the 
eaction of the host during the early 
tages of tumor growth following trans- 
jlantation, they demonstrated (1) that 
he transplanted tumor cells grow and 
eproduce, and (2) that transplanted 
umors acquire their blood supply from 
he host. These questions having been 
olved by the pathologic techniques 
vailable at the time, very little interest 
vas shown in the problem of tumor 
ascularization for some years. 
However, it should be noted that cer- 
ain pathologists have advanced opin- 
ons, based on the study of human path- 
logic material, as to the important role 
layed by the vascular system in the 
vrowth and development of cancer. 
Boll (7), for instance, considered that 
n essential part of the cancer process 
as an extensive disease of the vascular 
ystem of the whole area involved. 
(roldman (8), using injection methods, 
observed the marked increase in vascu- 
ity at and beyond the periphery of 
erowing tumors. Long before this, 
Thiersch (9) had demonstrated, also by 
njection methods, a vigorous new for- 
iation of capillaries in the stroma of 
he carcinoma which formation origi- 
ated from the pre-existing capillaries. 
Of late years, the work of Lewis (77), 
unl of Ide, Baker, and Warren (//) 
as again drawn attention to the prob- 
mm of the correlation between tumor 
vrowth and vascular supply. Ide, 
Baker, and Warren were the first to at- 
empt the study of this relationship in 
ivo, using the Sandison-Clark trans- 
parent-chamber technique in the ear of 
ve rabbit. All the foregoing investiga- 
ons suffered from the lack of quanti- 
itive techniques for the study of vas- 
ilar reaction. 
In spite of both the early and more 
‘cent work on tumor blood supply. 
ere is no complete agreement on the 
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relation of the vascular supply to 
growth of tumors. Ludford (7/2), for 
example, states that “most tumours have 
a relatively poor blood supply, especial- 
ly the rapidly growing transplantable 
ones.” Such misconceptions seem to 
arise from the pallor of tumors as con- 
trasted with the surrounding tissues 
when seen immediately after the death 
of the animal. In addition, the usual 
pathologic preparations made from such 
material give a completely erroneous 
idea of the vascular supply. In our 
observations, death, as induced for in- 
stance by cervical dislocation, results in 
an immediate collapse of tumor blood 
vessels and disappearance of all blood 
except scattered remnants trapped 
within blood vessels. For example, in 
one experiment, in a mammary-gland 
carcinoma in which 54 percent of the 
total volume consisted of vascular tis- 
sue, there was a drop to 12 percent 
immediately after death. In view of 
such observations and the results pre- 
sented here, it is obvious that any study 
of patent vascular channels can be made 
only in vivo and under physiologic con- 
(litions as nearly normal as possible. 
The results presented indicate (1) 
that the rapid growth of tumor trans- 
plants is dependent upon the develop 
ment of a rich vascular supply, and (2 
that an outstanding characteristic of 
the tumor cell is its capacity to elicit 
continuously the growth of new capil- 
lary endothelium from the host. A 
fundamental problem arising from 
these considerations is that of the na- 
ture of the factors responsible for the 
stimulation of vascular proliferation. 
It seems worth emphasizing that tumor 
tissue elicited capillary growth as early 
as 3 days after implication whereas 6 
days elapsed prior to the beginning of 
capillary proliferation in = a wound 
site. This fact suggests that, if the 
capillary proliferation is a response 
to a specific substance, this substance, 
as produced by the tumor cells, is 
more rapidly effective than is that 
from traumatized tissues. A differ- 
ence, either qualitative or quantitative, 
from the cells of the host subcutaneous 
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tissues 1s implied. In this connection, 
evidence presented by Marshak and 
Walker (/3) showed that a chromatin 
derivative obtained from rat liver, 
when applied to skin wounds, resulted 
in a significant decrease in the time 
of appearance of granulation tissue. 
Brues, Tracy, and Cohn (14) stated 
that in rat hepatoma the rate of metab- 
olism of nucleic acids was higher than 
in normal liver tissue. Since they 
found that the turn-over of nucleic acid 
phosphorus proceeded more rapidly in 
the hepatoma than in the normal liver, 
this finding may well mean that there 
is correspondingly greater excretion 
of nuclear break-down products. With 
the observations of Marshak and 
Walker also taken into consideration, 
the possibility is suggested that nuclear 
break-down products may play a role as 
specific growth-promoting substances. 
These might well be the factor responsi- 
ble for the stimulation of vascular 
proliferation, which is a temporary 
state in wounds and transplants of nor- 
mal tissues but is a continued condition 
in transplanted tumors. While these 


studies do not rule out other possibili- 


ties, it is entirely possible that the 
change in the tumor cell that enables it 
to evoke capillary proliferation is the 
only change necessary to give the 
tumor cell its increased autonomy of 
growth relative to the normal cell from 
which it arose. In other words, it 
seems quite possible that the primary 
difference between the malignant cell 
and the normal cell from which it arose 
may be that the malignant cell is able 
to provoke a continued vascular prolif- 
eration 


SUMMARY 


The vascular reaction to traumatic in- 
jury, homologous transplants of normal 
tissues, and to transplanted sarcomas 
and mammary-gland carcinomas was 
studied in strains C3H and C mice. 


Transparent chambers were inserted 
into skin flaps in the mice, and a quanti- 
tative technique was used for the meas- 
urement of vascular reaction. 

In wound healing, in the transplants 
of normal subcutaneous tissue and of 
adult liver, the following sequence of 
events was observed: (1) Accumulation 
of fluid and leukocytes at the site; (2) 
capillary dilation in adjacent areas; (3) 
new capillary formation beginning after 
a latent period of approximately 6 days: 
(4) rapid proliferation of new vessels 
during the next few days, attaining 
a peak which was apparently correlated 
with the amount of fluid and cellular 
reaction to the injury; (5) differentia- 
tion of some of the newly formed capil- 
laries into venules and arterioles; an 
(6) rise of vascular level from zero unti 
the vascular level equaled or surpasse: 
that of the surrounding tissues, then re 
ceded, and stabilized at that level. Th 
vascular reaction in surrounding tissue 
subsided to connective-tissue level a 
stabilization. 

In transplanted sarcomas and mam 
mary-gland carcinomas, the vessels 
originated from the host as capillaries. 
Capillary proliferation was seen as earl) 
as 3 days after implantation in contrast 
with 6 days for wounds and subcutane 
ous tissue. Although many vessels be 
came very large, differentiation into 
arterioles and venules was not evident. 
The vascular level rose rapidly fron 
zero to approximately double that of the 
surrounding tissue and stabilized at the 
high levels. An outstanding characte 
istic of the tumor cell was its capacity 
to elicit continued growth of new cap 
illary endothelium from the host. 

This characteristic of the tumor cell, 
rather than some hypothetical capacit) 
for autonomous growth inherent withi: 
the cell, is, from the standpoint of t! 
host, an important expression of th 
neoplastic change. 
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HEALTH EDUCATION ACTIVITIES OF THE NATIONAL CANCER 
INSTITUTE 
BREAST CANCER PAMPHLET 


The National Cancer Institute has just issued a new educational pamphlet, 
Breast Cancer. This is the first in a series, and additional educational pamphlets 
on cancer of other sites of the body will be issued from time to time. 

The pamphlet is designed to instruct women concerning the early signs of 
breast cancer, to impress upon them the importance of being on the alert to 
discover these signs, and to seek competent medical examination and treatment 
without delay. It is especially adapted for the use of public health agencies 
and other groups carrying on cancer educational work. Copies may be obtained 
by writing to the National Cancer Institute, Bethesda 14, Md. 


ERRATUM 
In volume 5, number 6, of the Journal‘of the National Cancer Institute, 
figures 2 and 3 on pages 453 and 454 are interchanged, that appearing on page 


153, shows two views of adrenal cortex, as described in the legend for figure 3, 
and the figure on page 454, sections from ovaries, as described in legend for 


figure 2. 





